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Investigations of the enzyme glucuronidase were initiated as part of a 
program of study on the mechanism of action of steroid hormones and 
chemotherapeutic agents in experimental neoplasia. Results of some of 
these studies have recently been published (/, 2). 

Following the observation by Eschenbrenner (3) that chloroform 
produced renal necrosis in male mice at doses that did not affect female 
mice, Kerr (4) demonstrated a higher level of glucuronidase activity in 
the kidneys of male mice treated with chloroform as compared to female 
mice similarly treated. Kerr attributed the elevated glucuronidase 
activity in males to rapid cell proliferation following injury. No sex 
difference in the kidney glucuronidase activity of untreated mice was 
reported. 

A sex difference in systemic toxicity, with decreased tolerance in male 
mice or rats, has been noted for such different substances as carbon 
tetrachloride (5), aminopterin (6), and cortisone (7). Sex differences in 
the renal morphology and physiology of mice have been reviewed by 
Dunn (8, 14). 

In the present studies, glucuronidase activity was determined in the 
kidneys of adult male and female mice of seven inbred strains. The 
kidneys of immature animals of both sexes were also assayed in three of 
these strains and compared to the values observed in adult mice. The 

1 Received for publication July 5, 1950. 
2 Present address: Department of Surgery, The Johns Hopkins Hospital, Baltimore 5, Maryland. 
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pH optimum of glucuronidase of male and female kidneys was determined. 
Sections of the renal cortex and medulla were assayed separately for 
glucuronidase activity. The influence of castration on renal glucuronidase 
activity was investigated in male and female mice of the dba strain. 


MATERIALS AND METHODS 


Mice of the C3H, A, dba, I, R III, CBA, and B alb C strains maintained 
at the National Cancer Institute were employed. The animals were 
segregated according to sex and offered an ad-libitum diet of Purina 
laboratory chow and water. Each animal was weighed, killed by cervical 
dislocation and the left kidney removed.’ The perirenal fat was removed 
and the kidney rapidly weighed on a microtorsion balance. The entire 
kidney was then homogenized in 5.0 ml. of distilled water in an ice-bathed 
Potter-Elvehjem glass homogenizer. Aliquots of this homogenate were 
assayed for glucuronidase activity by the method of Talalay (9), with the 
modifications previously described (1). The homogenates of the adult 
dba kidneys were also assayed for total nitrogen content by a modification 
of Ma’s micro-Kjeldahl method (10). 

In 5 male and 5 female adult dba mice, portions of the renal cortex 
and medulla were assayed separately. Under a dissecting microscope 
a thin slice of the cortex was excised, weighed, and assayed for glucuroni- 
dase activity. A section of the medulla of the same kidney was then 
dissected out and assayed. The slices of cortex weighed approximately 
50 mg., and the portions of medulla 20 mg. Male and female dba mice 
were castrated at 13 weeks of age. The animals were sacrificed, and 
their kidney glucuronidase activity was determined at 25 weeks of age. 

The pH of optimum activity was determined for kidney glucuronidase 
obtained from male and female mice. The details of these assays are 
given in the footnote to text-figure 1. 

Glucuronidase activity was expressed as: 1) micrograms of phe- 
nolphthalein liberated per milligram of moist tissue homogenized, or 2) 
micrograms liberated per milligram of total nitrogen in the tissue homo- 
genate. The homogenates were incubated with 0.0005 M phenolphthalein 
glucuronide, pH 4.5, for exactly 1 hour at 37.5° C. 


RESULTS 


The kidney glucuronidase determinations in adult mice are summarized 
in table 1. As previously noted (2) the kidneys of the C3H and CBA 
mice exhibited considerably lower glucuronidase activity than the kidneys 
of mice of the other strains. In all strains, however, the kidney glu- 
curonidase activity of the adult males was 1.3 to 2.6 times that of the adult 
females. The kidney glucuronidase activity of 10 adult male and 10 
adult female dba mice was calculated per mg. of total nitrogen in the 
kidney homogenate as well as per mg. of moist weight of tissue homo- 
genized. The details of these assays are given in table 2. On the basis 


+In mice the left kidney is about 10 percent lighter than the right. The left was arbitrarily selected and was 
used throughout the experiments. 
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of moist weight, the activity of the males was 1.4 times that of the females. 
On the basis of total nitrogen, the ratio was 1.3:1. 


TaBLE 1. Kidney glucuronidase activity of adult mice 

















Number of animals | ivey a? standard err 
Strain 

Males Females | Males Females 
Es Ghwnceractianeccasesseeeeeua 10 10 | 0. 7140. 08 0. 30+0. 01 
ase aici aic tcqaeene ike a em aa a ae 10 10;43 + .3 1.8 +t.1 
Saas acer senon ena ae 10 10};242+.1 17+ .04 
ree cits oho ar a ea ae ee 5 §|/22+ .2 1.6 + .05 
ae ee = 4 §123 + .2 16+ .06 
CBA... B 5 5 . 36+ .04 - 28+ .02 
Balb C...- e 4 §6|3.9 + .6 15 + .07 











1 Micrograms of phenolphthalein liberated per mg. of moist kidney after incubation for 1 hour, pH 4.5, 37.5° C. 


TaBLE 2.—Kidney glucuronidase activity of adult dba mice calculated on the basis of 
total nitrogen as well as moist weight 



































Kidney glucuronidase activity 
Mouse Weight o- os 
Strain and sex weight | xiGney | phenolpathslein | phenoiphthalein 
(gm.) (mg.) liberated per liberated per 
mg. moist mg. total 
kidney nitrogen 
oot ga aucccncaeiaaeapeaes 20. 5 144. 4 2.3 82 
Ws te las ain pear e endeieiaer a ECE 22. 5 159. 8 2.3 84 
a eco eas ee oman 20. 5 134. 8 2. 2 78 
ee ee akan cial 24. 5 175. 0 2.8 90 
PY tens cae eean eoeueaeee 22. 0 146. 0 2. 2 78 
a ae ae ae ree ie 24. 0 158. 8 2. 5 89 
a a a ag eat er a 23. 5 159. 4 2.1 73 
Fa ae ee ate tege ete 19.5 119.0 2.9 99 
rat hs ie ilastice daipleie ate ace Meee 21.0 143. 2 1.9 67 
Ie oe wacts itariel tases aera 22. 5 167. 4 2. 4 92 
Mean for dba males-__--------- 22. 0 150. 8 2.4+0. 1 83+3.0 
NN rs crac acrmeiemrennabie 20. 0 116.0 1.8 65 
a he ie suc ca pe encn deal ane 18.0 106. 0 1.6 57 
sg a it eS aia aii ae 19.5 107. 4 me 66 
yt ee ee | 160] 920 1.7 59 
LS LEE ee ee 16. 0 83. 2 1.9 67 
se bat ea ca cate ae ent eae ea 20. 0 121.0 1.8 65 
OF sa as aba adhap ene cauel deena kai 15. 5 100. 0 1.6 58 
Sie EE CE ee et ENE ee 19.0 108. 6 1.9 68 
ERED ELLE OES | 185 99. 0 1.7 62 
Oe cures aie pened acts aes mee ene aah | 17.5 93. 2 1.5 53 
Mean for dba females - - - ----- | 18.0 | 102. 6 | 1.7+0. 04 62+1.6 








The kidneys of immature A, C3H, and dba mice of both sexes were 
assayed for glucuronidase activity. These animals were 5 to 7 weeks of 
age and weighed 12 to 16 grams. The results of these assays are given in 
table 3, where they are compared with the values obtained in adult 
animals of the same strains. The sex difference noted in adult mice was 
not demonstrated in immature animals. 
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TABLE 3.—Kidney glucuronidase activity of adult and immature mice 



































= , -” | Mean kidney gl id: 
—— aa hy: of — | ym bm 
Strain ahd age oe 
Male | Female} Male | Female| Male | Female Male | Female 
dba, 11 weeks - - - 10 10 | 22.0 | 180 151 103 | 2.4+0.1 | 1.7+0. 04 
dba, 5 weeks- --- 10 10 | 15.5 | 12.3 98 76 | 1.7+ .05) 1.74 .05 
A, 25 weeks__-__- | 10 10 | 32.5 | 26.8] 193| 136/434 .3|1.8+.1 
A, 7 weeks. - --- . om 5 | 188/| 17.6 | 106 98 | 2.64 .3 | 2.2+ .1 
C3H, 10 weeks?_| 10/ 10| 25.4] 20.9] 180] 129] .59+ i. 33+ .02 
C3H, 5 weeks__- 4 | 5 | 14.5 | 12.8 93 g0 | .344 . 04) . 33+ .02 














1 Micrograms of phenolphthalein liberated per mg. of moist kidney after incubation for 1 hour, pH 4.5, 37.5° C. 
2 These C3H mice were of a different subline than those described intablel. Also, the adult C3H mice in table 
1 were 12 to 20 weeks of age. 


The slices of kidney cortex exhibited higher glucuronidase activity 
than the pieces taken from the medulla. A summary of these determina- 
tions is presented in table 4. The cortex of the male kidneys showed 
greater activity than the cortex of the females, but the activity of the 
medullary tissue was not significantly different in the two sexes. The 
values for kidney cortex and medulla are not comparable to those obtained 
when whole kidneys were assayed because of the gross method of dissection 
and the minute portions of tissue assayed. The renal glucuronidase 
activity of intact male dba mice at 25 weeks of age was more than three 
times that of castrate males, intact females, and castrate females (table 5). 
The last three groups displayed essentially similar glucuronidase activity. 


TABLE 4,—Glucuronidase activity of the renal corter and medulla 





| Kidney glucuronidase activity ! 
Strain and sex 























| Cortex Medulla 
a a a a | 1.3 0.9 
op OE Ee Ie, SE 1.9 1.3 
Fa a a Bh 1.6 11 
aN alin a 7 mm 
as a eS 1.8 
PIN EI... cin nsiaginaatna ce seaeennpei je .9 
0 eS ee a ee Ee 13 .8 
Ae ee EEE ae ea nee ape eran CTY PEE 1.6 1.0 
gl ea ee an ene eee ee 1.5 1.0 
a a 1.4 | 
gg Oe I ren Ee SS 1.3 1.0 
I a aes ce ea a atl 1.4 1.0 








1 Micrograms of phenolphthalein liberated per mg. of moist tissue after incubation for 1 hour, pH 4.5, 37.5° C. 


The curves relating the activity of male and female kidney glucuronidase 
to pH are shown in text-figure 1. The enzyme from the kidneys of both 
sexes was most active at pH 4.4-4.6. 
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TaBLe 5.—Kidney glucuronidase activity of intact and castrated dba mice 








Mean kid 

Mean | Mean | glucuronidase 

weight | left kidney an a 

(gm.) (mg.) —— 
no cee cee dneee aa aew aan | 27.3 227 5. 9+0. 96 
I ere wae | 24.9 139 1.6+ .07 
IEEE OLS OO ES 24.0 130 1.7+ .02 
og ES I re area 25. 8 130 1.7+ .04 














1 Micrograms of phenolphthalein liberated per mg. of moist kidney after incubation for 1 hour, pH 4.5, 37.5° C. 
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Text-FIGURE 1.—pH-activity curves for kidney glucuronidase of male and female 
mice. 





Both kidneys of an adult A male mouse and an adult A female mouse were removed 
and weighed. The kidneys of the male weighed 467.0 mg.; those of the female, 
342.4 mg. Each pair of kidneys was homogenized in 25.0 ml. of distilled water. 
Aliquots of these homogenates were assayed in duplicate for glucuronidase activity 
and total nitrogen. The buffer of pH 3.8 was a phthalate-HCl mixture; all others 
were phthalate-NaOH mixtures. 
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DISCUSSION 


The different glucuronidase activity observed in the kidneys of male 
and female mice is not unique. Several sex differences, morphologic 
and physiologic, have been described in the kidneys of mice. Kochakian 
(11-13) noted different alkaline phosphatase and arginase activity in the 
kidneys of normal male mice, castrated males, and castrated males given 
androgen. Dunn (8, 14) described a sex difference in the distribution of 
alkaline phosphatase in the kidneys of adult mice that was not apparent 
in newborn animals of the same strains. 

Friedenwald and Becker (15) ,* studying a method for the histochemical 
localization of glucuronidase, noted that the glucuronidase of the rat 
kidney was maximal in the proximal convoluted tubules and decreased 
as the collecting tubules were approached. The slightly higher glucuroni- 
dase activity of the renal cortex as compared to the medulla suggests a 
similar distribution of the enzyme in the mouse kidney. 

In the present experiments the kidney homogenates were routinely 
incubated at pH 4.5. Kerr (4) demonstrated two glucuronidase fractions 
with pH optima of 4.5 and 5.2 in kidney extracts from an unspecified 
strain of mice. In our experiments, however, two glucuronidase fractions 
were not demonstrated in homogenates of kidneys of male and female 
adult A mice. 

In studies of liver glucuronidase previously reported from this labora- 
tory (1, 2), no sex difference was noted in mice of the same strains employed 
in these experiments. 

SUMMARY 


Kidney glucuronidase activity was determined in adult and immature 
mice of seven inbred strains. In the adult animals the glucuronidase 
activity was 1.3 to 2.6 times greater in the males than in the females. 
This difference was apparent in assays based upon both the nitrogen 
content and the moist weight of the kidneys. No sex difference in kidney 
glucuronidase activity was apparent in immature mice. Castration of 
mature males was associated with a reduction in glucuronidase activity 
to the level of intact or castrate mature females. The pH of maximum 
activity was the same for kidney glucuronidase of male and female mice, 
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LEUKEMOID REACTIONS TO TRANS- 
PLANTED MOUSE TUMORS? 


JEANNE C. Bateman, M. D., Research Fellow, Pathology 
Section, National Cancer Institute, National Institutes of 
Health, U. S. Public Health Service, Bethesda, Md. 


It was previously observed in this laboratory that a transplantable 
myoepithelioma of the mouse originating in the salivary gland produced a 
great enlargement of the spleen in the host, with extreme myelopoiesis 
in this organ (1). Since this observation, random blood counts on animals 
bearing this same type of tumor have revealed an extreme leukocytosis. 
The present investigation was undertaken, therefore, to study the factors 
influencing the development of this leukocytic reaction to transplanted 
myoepitheliomas. Three transplanted lines of this tumor type and, in 
addition, a fibrosarcoma that had been observed to cause a considerable 
increase in the size of the spleen were used in this study. 

It was hoped that experimental methods could be devised to determine 
whether the leukocytosis was directly related to the growth of the tumor, 
or whether it was secondary to some contaminating organism that might 
either be transmitted with the tumor or that established itself in the 
favorable culture medium afforded by the tumor tissue. The general 
lines of investigation followed were: 1) Repeated blood counts on mice 
transplanted with the four tumor lines in an attempt to correlate the 
size and condition of the tumor with the number of granulocytes in the 
peripheral blood. 2) Observation of the effect of surgical removal of 
the tumor on leukocytosis. 3) Bacterial cultures from tumor tissue, 
with inoculation of any organisms isolated into other mice to determine 
whether such contaminating organisms independent of the tumors could be 
responsible for the leukocytosis. 4) Investigation into the effects on 
the leukocytosis of antibiotics that are potent against a wide spectrum 
of infecting organisms. 


TUMORS STUDIED 


Myoepithelial tumors have been found in inbred strains of mice carried 
at the National Cancer Institute and are frequent particularly in strains 
A and C. These tumors have been described briefly by Lippincott, 
Edwards, Grady and Stewart (2), and Andervont and Dunn (3). 

Reports of an exact counterpart to this tumor have not been found in 


1 Received for publication July 7, 1950. 
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man, although Sheldon (4) has described several sweat-gland tumors 
in which myoepithelial elements predominated. In a later paper (5) he 
described mixed tumors of the salivary gland in which neoplastic myo- 
epithelial cells played a prominent part. In the mouse, however, the 
myoepithelial cell in its various modifications apparently composes the 
entire tumor. 

These tumors represent a distinctive type, and all the tumors examined, 
both original and transplanted, are of a fairly uniform structure. The 
appearance of these tumors is so characteristic that the correct identifi- 
cation can usually be made on gross examination. They nearly always 
arise in the region of the salivary glands, although they have rarely been 
found arising from the mammary gland. They rapidly become cystic 
and, when opened, the lining of the cyst appears rough and uneven, 
covered by a layer of necrotic tissue. The thickness of the cyst wall at 
different points varies from about 1 mm. to 8 mm. or more. The most 
distinctive feature of these tumors in the gross is the stringy, tenacious 
mucoid fluid that fills the cyst, and that can be scraped from the cut 
surface of portions of tumor tissue forming the cyst wall. The cystic 
center of the myoepitheliomas apparently results from necrosis, since 
necrotic cells are always found immediately adjacent to the cyst cavity 
and very small tumors are usually solid. 

On microscopic examination the cells composing the tumor are pleo- 
morphic (figs. 1, 2, and 3). They vary from an elongated, spindle shape 
with fusiform nuclei to an oval or round cell with a vesicular nucleus. The 
cytoplasm is more eosinophilic in the fusiform cells than in the rounded 
cells and is sometimes vacuolated. The tumors have a certain resem- 
blance to fibrosarcomas, particularly in areas where fusiform cells 
predominate, but they are readily distinguished by the lack of uniformity 
in cell type. Cell groups in the myoepithelioma are indistinctly separated 
into compartments by bands of connective tissue (figs. 2 and 3). There is 
a suggestion of stratification in the arrangement of the cell forms, since 
the rounded cells tend to be located at the outermost margin, nearest 
the normal tissue surrounding the tumor or adjacent to the connective- 
tissue bands within the tumor. Ovoid cells which suggest a transition 
form may be discerned between the round and the fusiform cells. Mitotic 
figures are frequent in the round cells. Some of the cells with round 
nuclei seen in the section may be the result of transverse cutting of fusi- 
form cells, as suggested by Sheldon, but they are not seen with the 
definite fascicular arrangement such as is found in fibrosarcomas. 

Rarely these tumors have shown keratinization and indistinct pearl 
formations which at times resemble Hassall’s corpuscles in the mouse 
thymus. Since the myoepithelial or basket cell is derived from an 
epithelial cell, this keratinization may be a possible derivation from the 
tumor cell, or it may represent another epithelial element in what may be 
an essentially mixed tumor. Studies previously carried out in this labora- 
tory using the phosphotungstic-acid-hematoxylin stain have demon- 
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strated myofibrils in the fusiform cells. It is on the basis of this observa- 
tion that this group of tumors has been diagnosed as myoepithelioma. 

The fibrosarcoma was composed of large spindle cells with hyper- 
chromatic ovoid nuclei. It resembled the fibrosarcoma that was described 
by Parsons (6), and that was considered to be associated with a myelo- 
genous leukemia. The leukemoid reaction to the fibrosarcoma during the 
present study was never so extreme as that occurring in the myoepitheli- 
oma. Such a reaction has been reported with other fibrosarcomas (7). 

The tumor lines studied (figs. 1-4) were: 

Myoepithelioma A, which arose in a strain A mouse obtained from 
W.E. Heston. This tumor was transplanted subcutaneously into succes- 
sive generations from the 9th to the 20th. 

Myoepithelioma B, which arose spontaneously in a strain C mouse 
obtained from W. E. Heston. Tumor-bearing animals from the 9th to the 
20th transplant generation were observed. 

Myoepithelioma C, which arose spontaneously in a strain A mouse 
in this laboratory. Observations were made on tumor-bearing animals 
from the 15th to the 24th transplant generation. 

Fibrosarcoma D, which was induced by the injection of approximately 
0.3 mg. of methylcholanthrene in an aqueous suspension into the wall 
of the stomach of a strain C3H mouse without the milk agent. It grew 
rapidly when transplanted subcutaneously, and the mice developed a 
leukemoid reaction. This tumor was studied in animals of nine successive 
transplant generations from the 16th to the 25th. 


GENERAL METHODS 


All animals were maintained on Purina laboratory chow and water 
ad libitum. The mice were examined at weekly intervals, at which time 
the tumors were measured and ulceration and eschar formation were 
noted. Blood counts were done prior to tumor transplantation and 
subsequently at 2- to 14-day intervals. Hemoglobin determinations 
were made by an acid hematin method and read on the Coleman Junior 
spectrophotometer. Special calibrated pipettes? for small animals were 
used for red- and white-cell counts; the improved Neubauer counting 
chamber used in standard hematologic work was employed. Smears 
for differential counts were stained with MacNeal’s polytetrachrome 
stain or the Giemsa stain. The Rees Ecker method was employed for 
platelet counts. 

Tissue obtained at autopsy was fixed in Zenker-formol, embedded in 
paraffin, sectioned, and stained routinely with hematoxylin and eosin. 

Bits of tumor tissue were implanted subcutaneously into the flank by 
means of a trocar. The transplants were made at 4- to 5-week intervals on 
each of the myoepitheliomas. The fibrosarcoma grew so rapidly that 
transplantation was necessary every 2 to 3 weeks. 


2 Arthur H. Thomas Co., Philadelphia, Pa. 








674 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


OBSERVATIONS AND RESULTS 
I. Tumor GrowTH 


The transplanted myoepithelial tumors in all three lines first became 
palpable as small firm nodules at the site of inoculation after 1 to 2 weeks. 
As the tumor grew, it became soft and cystic. After a variable period 
there were ulceration and evacuation of the contents of the cyst. Follow- 
ing ulceration the tumors tended to shrink, leaving a deep, dry crater 
surrounded by a ridge of tumor tissue. Occasionally there was a metas- 
tasis to the regional axillary lymph node. 

The transplanted fibrosarcoma followed a similar but more rapid 
course. These tumors tended to grow larger than did the transplanted 
myoepithelial tumors, and there was no cyst formation. Six mice bearing 
this tumor developed pulmonary metastases. 

Control blood counts done immediately prior to tumor implantation 
revealed the range as well as the average for each strain of animals shown 
in table 1. As can be seen, the age range at the time of implant was 
wide. No correlation could be established between the white-cell count 
and the age in these animals. 


TABLE 1.— White-cell counts and age of mice at time of tumor implantation 


























: White blood cells per cu. mm.! Age in days 
Tumor experiment Strain a 
Range Average Range Average 
Myoepithelioma B_--_--_---- Cc 21 | 6, 500-26, 300 | 15, 100 | 37-222 97 
Myoepithelioma A _ and A 70 | 4, 300-24, 500 | 11, 600 | 26-185 80 
Myoepithelioma C 
Fibrosarcoma 233-- ------- | C3H 27 | 5, 600-27, 000 | 14,870 | 32-253 100 





11 count on each animal. 


In all animals in which serial blood studies were done, a continuing 
rise in white-cell count was seen following tumor implantation. Gradual 
acceleration of leukopoiesis not infrequently increased to the point where 
the white-cell count doubled itself within a few days. The peak of 
hematopoietic activity usually occurred within the last week or so of life. 
In text-figure 1 the last white-cell count done on each animal is plotted 
against the time in days following tumor implantation. Since some of 
the final counts were done 2 to 3 weeks prior to death, it is probable that 
these figures are only a partial indication of the leukocytosis finally 
developing. However, it can be seen that many of the counts rose to 
extremely high levels (highest 912,000). A much higher average figure 
would probably have been reached if terminal records had always been 
available. 

Differential counts revealed a reversal of the granulocyte-lymphocyte 
ratio normally found in mice (8). The percentage of metamyelocytes was 
increased, but myelocytes were found only in cases in which the white-cell 
count was 300,000 or more. Although granulopoiesis was most affected, 
there was an absolute increase in the lymphocytes and monocytes as well. 
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A moderately severe anemia developed in the majority of the animals, and 
an occasional normoblast appeared in the peripheral blood. 

The platelet counts ranged from 560,000 to 1,167,000 in 8 animals 
that had white-cell counts of 64,000 to 340,000. One tumor-bearing 
mouse with a white-cell count of 16,100 had a platelet count of 450,000. 
Platelet counts on a group of 16 normal strain A and C mice including 
males and females (6 were 6 weeks old, 10 were 1 year old) ranged from 
361,000 to 561,000. Association of increased numbers of granulocytes 
and platelets in the peripheral blood has been observed in man. It is 
also known that the platelet count may be greatly increased in myeloid 
leukemia (9). 

Coincident with the abnormal rise in the white-cell count, the spleen 
became palpable in all of the mice observed. . 

The following conditions were considered as possible factors influencing 
the elevation of white-cell counts, and their significance was analyzed 
statistically: 

1. Duration of tumor implant (text-fig. 1). 

2. Age of the expermental animal (text-fig. 2). 

3. Size of the tumor and its condition, whether intact, ulcerated, or 
with eschar (text-fig. 3). 


Gl worma, nance wa Fiero. 0 





NO. DAYS FOLLOWING TRANSPLANT 





' 
NO. DAYS FOLLOWING TRANSPLANT 


TEXT-FIGURE 1.—The last white-cell count done on each animal plotted against the 
time in days following tumor implantation. Each group of animals is given sep- 
arately. A composite chart indicates the trend of the combined group. 
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ANIMAL AGE IN MONTHS 
TExtT-FIGURE 2.—The final white-cell count on tumor-inoculated mice in experiments 
Myoepithelioma A, Myoepithelioma B, Myoepithelioma C, and Fibrosarcoma D 
plotted against the age of the animal. 


The statistical analysis of the data involved setting up a multiple 
correlation (analysis of variance) in an attempt to explain the total white- 
cell count as a result of some linear function of the three elements (du- 
ration of implant, size of tumor, and age of animal) given above. Total 
variation explained by combinations of these three factors was compared, 
separately for each combination of the factors. Where the adding of a 
factor significantly decreased the unexplained variation, the factor was 
considered definitely related to the final white-cell count. Where adding 
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SIZE TUMOR IN Cm. (LARGEST DIAMETER) 


TEXT-FIGURE 3.—The last white-cell count done on each animal is plotted against 
the size of the tumor at the time of the count. Intact tumors are indicated by 
solid circles, ulcerated tumors by open circles, and eschar formation by triangles. 
The four experimental groups are considered together. 


a factor reduced the unexplained variation somewhat less, it was con- 
sidered that the factor might be related to the white-cell count, but the 
evidence was not considered conclusive. 

Statistical analysis of data presented in text-figures 1, 2, and 3 revealed 
definite indication that the elevation in count was related to the duration 
of implant and some indication that the size of the tumor and presence 
of ulceration also affected the white-cell count. The latter was not 
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clearly evident in all experiments. It was apparent that the duration 
of tumor growth and the size and condition of the tumor were related. 
Animals in different age groups showed no differences in the degree of 
leukemoid response to tumors. 


II. Sureicat REMOVAL 


Surgical removal of tumors was performed on 14 mice (table 2). It 
was not possible to remove the tumors in animals having very large 
tumors and correspondingly high white-cell counts. Three animals 
(2211, 1011, and 316) had normal white-cell counts at the time of opera- 
tion. Surgery produced a transient small rise in their counts. In the 
remaining 11 tumor-bearing mice with leukocytosis, surgical removal of 
the tumor resulted in a fall in the white-cell count by the 6th to the 20th 
day. The count was still falling when evidence of tumor recurrence 
appeared in some of the animals. Return of leukocytosis eventually 
took place in all animals that exhibited recurrence of tumor. The 3 
mice (2211, 1011, and 316) without initially elevated white-cell counts, 
and 1 mouse (3119) with a small tumor initially, did not develop recurrence 
by the end of 6, 8, 9, and 9 months, respectively; and their white-cell 
counts remained normal. 


III. BAcTERIOLOGIC STUDIES 


Smears and cultures for the detection of bacteria were made from the 
tumor tissue of five animals killed for this purpose, as well as from ma- 
terial obtained by aspiration of tumors in a group of three live mice. 
Although all of the tumors in the first group of animals that were killed 
showed some degree of ulceration, a pleomorphic gram-positive diplococcus 
growing in chains and clumps was obtained from the cultures of three of 
the five examined. Broth suspensions of this organism injected into five 
healthy mice of the same strain as the one from which the organism was 
isolated produced a transient minimal rise in the white-cell count (13,200 to 
20,900) in only one animal. An organism identified as Proteus vulgaris 
was isolated from the tumor aspirate of one mouse in the live group; there 
was no growth in the cultures from the other two mice in this group. Thus, 
no specific organism was found by these methods to account for the leuko- 
cytosis associated with tumor growth. 

Adequate virus studies were not done. Reports on virus infection 
of tumors (10, 11) indicate that changes in the leukocyte count resulting 
from a transmitted virus occur within a 2-week period after inoculation 
and do not coincide and increase with the tumor growth. 


IV. EFFEcT OF ANTIBIOTICS 


Aureomycin is an antibiotic with an unusually wide spectrum of ef- 
fectiveness against bacteria, rickettsia, and virus pathogens (12-14). 
Five animals having white-cell counts of 17,000, 82,700, 120,700, 128,000, 
and 754,600, respectively, and tumors ranging from 2 to 3 cm. in diameter 
were treated with aureomycin. Thedrug was administered subcutaneously 
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in daily doses of 2 mg. for periods ranging from 1 to 4 days, inclusively. 
There was no significant effect on the white-cell count, the appearance 
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of the tumor, or the clinical course in these animals. 


TABLE 2.—Course of white-cell count following surgical removal of tumor 










































































, : Age Postoperative 
Tumor experiment a? Aw \ wv Swe tumor an Remarks 2 
. —_— co") ays) | w.B.C.} day 
| | | 
Myoepithelioma A_| 2113 5, 900} 24, 100) 29) 8, 700) 6| No tumor. 
7,700| 35) T 2.0 
, | 5| Tumor 2.0 cm. 
| 42, 700) 58| Tumor 4.0 cm. 
Myoepithelioma A-| 2110] 14, 300) 38,500} = 28| 17,300| — 6 No tumor. 
11, 300 20; Tumor 0.2 em. 
26, 700 37| Tumor 1.0 cm. 
Myoepithelioma A-| 2012} 10, 000) 38, 100 28) 11, 800 14 No tumor. 
Myoepithelioma A_| 2211)___-_-_-- 14, 000 27| 20, 100 24; No tumor. 
| 14,500} 120 ” 
Myoepithelioma B_| 1113} 19, 600} 42, 800! 31) 32, 000 6 No tumor. 
| 37, 000) 18} Tumor 2.0 cm. 
Myoepithelioma B_| 1210 8, 500} 32, 000 28) 12, 800 6) = tumor. 
21, 100 20; Tumor 0.5 cm. 
35, 000 36| Tumor 1.0 cm. 
137, 700} 65) Tumor 3.0 cm. 
Myoepithelioma B-| 1215| 6, 600| 38,800} 25] 23,800 6, No tumor. 
14, 800) 12) ss 
8, 300) 19| Tumor 0.2 em. 
59, 000) 46) Tumor 3.0 cm. 
Myoepithelioma B-| 1115| 8, 600| 41,200| 25] 18,300 6 No tumor. 
11,600} 12) Tumor 0.2 em. 
7, 850 20| Tumor 0.4 cm. 
82, 300 46| Tumor 4.0 cm. 
Myoepithelioma B_| | Se: 20, 300) 28) 23, 400) 23, No tumor. 
13, 500 65 oo 
Myoepithelioma C_ 219} 11, 500) 45, 700 30} 13, 600 4 = tumor. 
8, 800 15| Tumor 0.2 cm. 
18, 200 33} Tumor 1.0 cm. 
281,000} 139) Tumor 4.0 cm. 
Myoepithelioma C_| 118) 11, 500} 24, 100) 29) 18, 200 16) Tumor 1.2 em. 
Myoepithelioma C_ 316| 8, 700} 19, 830 28 21, 800 6| No tumor. 
33, 200 20} Abscess. 
18,000} 168) No tumor. 
10, 200} 248 " 
Fibrosarcoma D_-- 3017| 27, 000} 41, 600) 23} 9, 700 6| No tumor. 
| 27, 300 28} Tumor 1.5 em. 
Fibrosarcoma D___| 3119} 20, 800) 42, 100) 48} 24, 000 6 No tumor. 
16,000} 34 " 
14, -_ = a 




















1 White blood count at time of tumor implantation. : 
2 All tumors seen were local recurrences in region of surgical scar. 
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Because of the effectiveness of streptomycin in Proteus infections 
(15-17) another three mice were given a 2.5-mg. dose of this drug daily by 
the subcutaneous route. When at the end of 5 days no response was 
apparent, 2 mg. of aureomycin was given in addition. The white-cell 
counts continued to rise steadily, and the animals died 6, 25, and 27 
days following institution of therapy. 


PATHOLOGIC FINDINGS IN TUMOR-BEARING MICE WITH A 
LEUKEMOID REACTION 


The gross changes were similar to those generally described in mice 
showing leukemoid reactions (18); the only notably consistent change 
found in the tumor-bearing mice was splenomegaly, which was generally 
related to the degree of leukocytosis. Spleens from animals with marked- 
ly elevated white-cell counts varied from 2 to 3.2 cm. in length by .7 to 
.9 cm. in diameter. 


MICROSCOPICAL FINDINGS 


Bone marrow section (fig. 5) showed an increased proportion of the 
granulocytic cell series, even when the peripheral counts were only slightly 
elevated. The majority of the granulocytic cells were relatively mature 
“ring” forms. 

Extramedullary hematopoiesis in the spleen was generally proportional 
to the leukocytosis of the peripheral blood. It was especially pronounced 
in animals with white-cell counts of 100,000 or more, and the predominant 
cell forms were of the granulocytic series. There appeared to be an in- 
crease in megakaryocytes (fig. 6). 

The livers in mice with extreme leukocytosis showed myelopoietic 
tissue, especially in the portal areas (fig. 7). 

The lungs showed a great number of granulocytes in the walls of the 
alveoli, and many granulocytes were present in the large vessels. Many 
of these showed pyknosis (fig. 8). 

The tumors (figs. 1-4) showed the histologic structure previously 
described. There was a moderate infiltration with granulocytes in the 
tissues at the margin of some of the tumors, and some necrotic granulocytes 
in the necrotic tissue in the center. However, this was no more than is 
customarily seen in transplanted tumors of other types, after prolonged 
growth. There was never the great accumulation of leukocytes that may 
be found in frankly infected tumors. 


DISCUSSION 


Various tumors in both man and animals are known to produce an 
effect on other organs or systems. Most easily understood are the changes 
caused by aeoplasms of endocrine organs, such as adrenal cortical tumors, 
pheochromocytomas, and adenomas of the islets of Langerhans. Other 
reactions are more difficult to understand, such as the altered protein 
metabolism in multiple myeloma, and the hypervolemia associated with 
ovarian tumors in mice described by Furth (19). The leukemoid reaction 
developing from the growth of certain tumors in mice, particularly the 
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myoepitheliomas, appears to be another instance of such a systemic 
reaction to a neoplasm. Absolute proof of such an association is always 
hard to furnish, but in the present study the increasing granulocytosis 
accompanying the growth of the tumor, the reduction or disappearance of 
this reaction after surgical removal of the tumor, and its recurrence along 
with recurrent growth of the tumor seemed convincing. The influence 
of such secondary factors as necrosis and possible bacterial infection of the 
tumor could not be entirely ruled out. Previous experience with tumors 
showing extensive necrosis has not revealed the extreme leukocytosis 
found with the myoepitheliomas. The variable results obtained on 
bacterial culture, the absence of a pronounced leukocytosis after injection 
of bacterial culture material, and the failure of large doses of potent an- 
tibiotics to reduce the leukocyte count suggest that secondary bacterial 
infection played at most a small role in the leukemoid reaction. 

In this laboratory, myoepitheliomas in particular have produced 
extreme degrees of leukemoid reaction. Mammary tumors and fibrosar- 
comas in mice are also known to produce this effect, and a mixed-cell 
sarcoma in hamsters has been reported that produces extramedullary 
hematopoiesis and splenomegaly (20). This reaction on the part of the 
myoepitheliomas cannot be explained on the basis of any known functional 
relationship between the myoepithelial cell and a granulocyte-promoting 
factor. The fact that many other tumors produce this effect indicates 
that it is not specific. 

It is apparent that certain tumors elicit a peculiar hematologic effect 
in mice and in other animals. A similar reaction in a few human cases 
has been observed (21, 22). Although in this study the leukocytosis 
appeared to be related to the duration of the transplant and the size and 
condition of the tumor, the mechanism of this phenomenon remains to be 
explained. 

SUMMARY AND CONCLUSIONS 


1. Leukemoid reactions produced by four different transplanted tumor 
lines, including three myoepitheliomas and one fibrosarcoma, were studied. 

2. The degree of leukocytosis was directly related to the duration 
of the transplant. The size of the tumor also appeared to be of some 
significance. 

3. The age of the animal did not modify the leukemoid response to the 
tumor. 

4. Surgical excision of the tumor reduced the white-cell count in 11 
mice with leukocytosis. Reappearance of the tumor in 10 of the mice 
was followed by increasing granulocytosis. 

5. Bacteria were isolated from some of the tumors. Only a mild leuko- 
cytosis could be induced in normal mice with cultures of bacteria iso- 
lated from tumors. 

6. Limited studies with aureomycin and streptomycin suggest that 
these antibiotics have no effect on the leukemoid reaction to the tumors 
observed. 
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PLATE 75* 
FicurRE 1.—Myoepithelioma A. Note different forms of tumor cells—a rounded 
form generally found adjacent to connective tissue septa and a fusiform type with 


vacuolation of cytoplasm. Hematoxylin and eosin stain. X 500. 


Figure 2.—Myoepithelioma B. Note pleomorphism of cells and frequent mitotic 
figures. Hematoxylin and eosin stain. X 300. 


FicurRE 3.—Myoepithelioma C. Note characteristic mucoid material in central cyst 
margin shown at upper right. Hematoxylin and eosin stain. x 300. 


Figure 4.—Fibrosarcoma D. Note fascicular arrangement of elongate fibroblastic 
cells. Hematoxylin and eosin stain. XX 300. 


* Histology of tumors producing a leukemoid reaction. Note histological similarity in three myoepitheliomas. 
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PLATE 76 


Figure 5.—Bone marrow. Predominance of granulocytic-cell tvpes. Many “‘ring”’ 


forms are seen and relatively few erythropoietic cells. 


Hematoxylin and eosin 
stain. X 600. 


Ficgtre 6.—Spleen. Extramedullary hematopoiesis, predominantly granulocytic. 
Capsule of spleen is shown at upper left; note number of “‘ring’’ forms immediately 
beneath it. Megakaryocytes appear to be increased. 


Hematoxylin and eosin 
stain. 300. 


Figure 7.—Liver. 


Area of extramedullary hematopoiesis, predominantly granu- 
loevtic. 


Liver sinusoids also contain many cells of this type. Hematoxylin and 
eosin stain. X 60. 


Figure 8.—Lung. Capillaries in alveolar wall containing many granulocytes, which 


are often pyknotic. Alveolar spaces are empty. 


Hematoxylin and eosin stain. 
300. 
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A STUDY OF THE “GRUSKIN SERO- 
LOGICAL TEST” FOR THE DETECTION 
OF CANCER; THE PRECIPITATION OF 
BLOOD PROTEINS BY ALCOHOL '? 


N. Hotmaren, M.S., R. W. Denton, M.S., M. D.,S. A. 
Levinson, Pu. D., M. D., A. C. Ivy, Pa. D., M. D., and 
L. E. Gruscetp, M. 8., Department of Clinical Science, 
University of lllinois College of Medicine, Chicago, III. 


INTRODUCTION 


Many serological tests for the detection of cancer have been reported 
(1, 2,3). With the exception of a few being presently studied, the pro- 
posed tests have either been discarded or tabled without further study, 
“false positive tests” being the major difficulty. 

It appears that many investigators have seen the vital need for such a 
test, but no one has persisted in carrying any test beyond the early, 
more or less empirical stages of development. Among the various tests, 
that of Fuchs (4, 5, 6) has received the most confirmation and has been 
claimed to be 90 percent predictive. 

It is common knowledge that the serological tests for syphilis were in- 
itially inaccurate, but in spite of this and their scientific nonspecificity, 
they have been developed by trial and error until they have become 
important in diagnosis. For example, Kahn (7) refers to the early “era 
of low serologic sensitivity’”’ for the precipitin and flocculation tests 
for syphilis, which transpired from the first reports by a few German 
experimenters around 1907 up to his work in the early 1920’s. Only 
in 1925, after 15 years of work, had optimal technical conditions been 
developed so that the Kahn test could realize an accuracy comparable to 
that of the Wassermann test. The official reports of International 
Conferences during Kahn’s ‘era of high sensitivity” (7) shows a long 
period during which the sensitivity was developed from 47.6 percent in 
1928 to 92.8 percent in 1935, while the specificity was maintained near 
100 percent. 

By analogy to the Kahn and similar tests, one might class the serological 
tests for the detection of cancer as being in an early stage of development, 
possibly in a period of low specificity; whereas the early syphilitic tests 
had low sensitivity. 

! Received for publication September 11, 1950. 
2 Assisted in part by a grant from the Benjamin Gruskin Fund of the Lakeland Foundation, Chicago, Il. 
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In this paper we wish to present some work directed toward an evalua- 
tion of the Gruskin serological test for cancer (8). This test was chosen 
for study because of its similarity in technique and possible basis of action 
to the now successful flocculation test for syphilis, because of its technical 
simplicity and the ready availability of materials for the test, and because 
its author has claimed for it an accuracy at least as good as others have 
reported for any cancer test. 

The test depends upon obtaining a flocculstion in the serum of cancer 
patients. Other tests for cancer, for example, Kahn’s “Albumin A” 
fraction decrease (9, 10), Kopaczewski’s gelation rate increase with lactic 
acid (11, 12), Ascoli and Izar’s meiostagmin reaction (13), and many 
others (14, 17), have shown aberrancies in the chemical or physical proper- 
ties of cancer blood; hence it is not surprising that a colloidal instability 
may exist as claimed for the Gruskin test. 


MATERIALS AND METHODS 


Preparation of Gruskin “antigen’’. —The liver is removed from Bovine 
embryos up to 2 months of age taken at the time of slaughter. The 
embryonic liver cells are washed thoroughly in saline, the wet tissue 
extracted with acetone, and the cells dried on a Buchner funnel at room 
temperature. The dried cells are then arbitrarily diluted with 10 ce. 
ef absolute alcohol per gram. The alcohol is allowed to remain on the 
cells and age for a period of 3 weeks or longer with occasional shaking. 

Type and preparation of blood serum samples for testing—Blood was 
drawn from cancer and noncancer subjects in the morning before break- 
fast after a 12-hour fast. There were no dietary restrictions the day be- 
fore unless otherwise specified. The serum was recorded (as a discard) 
but the results were not included in the total results if the serum was 
lipemic, icteric, or hemolyzed. The presence of jaundice, edema, or 
high fever was noted, since Dr. Gruskin noted that these conditions 
rendered the test unreliable. He also reported that radiological treatment 
or treatment with stilbestrol rendered the results unreliable. Later, 
the blood of patients with diagnosed, untreated cancers of any organ was 
employed. 

As specified in the original test, the specific gravity of each serum was 
determined by the falling-drop method and 0.5 cc. of each serum was 
treated with that amount of 0.85 percent NaCl solution required to 
make the specific gravity the same as that of the lowest of the sera to be 
examined that day. (We believe that this is irrational, and that to be 
rational the specific gravity of the sera should be equated with that of the 
“control normal serum’ used in the test.) The serum was inactivated 
at 56° C. for 30 minutes. 

Performance of the test—In accordance with the original directions, 
the test is performed at room temperature. The serum is carefully 
layered drop by drop over an amount of the alcoholic solution of the 
“antigen” (usually 0.03 cc.) found by previous titration with a known 
cancer patient and known normal patient. The titration end-point 
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is the amount of “antigen” that gives flocculation with the cancer serum 
and no flocculation with the noncancer serum. The method of addition 
of serum to “antigen” is important. The serum is added more slowly at 
first, the addition of the 0.5 cc. taking approximately 30 to 45 seconds. 
If the whole 0.5 cc. of serum is added at once, no flocculation takes place. 

A precipitate always forms at the contact of the serum with the alcoholic 
solution of the “antigen.” After standing 3 minutes with the alcohol- 
serum interface undisturbed, the tubes are shaken for 2 minutes and then 
0.5 cc. of 0.85 percent NaCl is added. After waiting for 1 minute, the 
tubes are again shaken for 2 minutes. Another 0.5 cc. of the 0.85 percent 
NaCl is added, and the results of the test are read at various intervals by 
looking for flocculi—‘amorphous white plates instead of globules or 
particles.” This distinction is difficult to make, since most tests give 
combinations of the two types of floccules. 

No standard time of reading the results had been established by Gruskin. 
Since it was found that almost all sera gave some degree of flocculation 
on the immediate reading, Gruskin reported that the flocculi of false- 
positive reactions would redissolve on (a) standing at room temperature, 
(b) standing overnight at refrigerator temperature, and (c) on further 
dilution with saline. A combination of readings was therefore taken, the 
first at 1 minute after the test was completed, the second at 1 hour, and 
the third after overnight-standing in the refrigerator. Readings two and 
three were made after we had gained experience during the first 3 months 
of study, during which period we were occasionally supervised by Dr. 
Gruskin. These readings were recorded individually, in order to as- 
certain which was the most reliable. For statistical purposes, and for 
other reasons indicated later, a certain reading was assigned a numerical 
value. 

Method of Reading.—Results are recorded from negative to 4+-+++, 
according to size and quantity of the floccules. Doubtful, or +, indicates 
that the test was not completely free of flocculation although a granular 
appearance was present. The value for a positive or negative test is 
indicated in each experiment. If not stated, a one plus test was considered 
positive for ‘‘cancer” as directed by Gruskin. 

The person performing the test did not know the source of the serum. 

Chemical observations on the antigen.—It was desirable to know some- 
thing of the nature of the substance in the alcohol that Gruskin has 
termed “antigen,” because if the substance should be essential for the 
reaction, a knowledge of its chemistry would help prepare batches with 
the same “potency.” 

The ‘“‘Gruskin antigen’? was prepared as follows: The livers of calf 
embryos under 2 months of age after washing with saline were triturated 
by gyrating and rotating in a small quantity of normal-saline solution. 
This pulpaceous mass was washed with acetone, and the remaining dried 
material was allowed to stand with alcohol for 3 weeks prior to use. Thus, 
the “antigen’’ is not soluble in acetone, but is soluble in absolute alcohol. 
Dr. L. L. Gershbein then made a chemical study of the “antigen.” 
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Analysis of the alcoholic ‘‘antigen’’ solution—ultraviolet absorption 
spectrum.—The “aged antigen’’ alcoholic solution was filtered twice, and 
the absorption spectrum was determined in the ultraviolet region by 
means of a Beckman quartz spectrophotometer. A continuous spectrum 
was obtained, which is incompatible with a proteinaceous solution but 
compatible with a phospholipid solution. 

Amino acids and proteins —The ninhydrin, Biuret, and Hopkins-Cole 
tests, even after acid hydrolysis, were negative. 

Analysis of solids —A 19.5-ml. sample of the stock alcoholic solution of 
“antigen” was concentrated under vacuum below 33° C., and 80 mg. of 
“phospholipid” matter was obtained. This was extracted with anhydrous 
ether and 32 mg. of a white solid remained insoluble. Analysis (Holk) 
of the ethereal solution gave the following results: phosphatide phos- 
phorus, 1.27 mg.; KOH hydrolyzable phosphatide phosphorus, 1.2:)z 
mg.; sphingomyelin phosphorus by difference, 0.038 mg.; KOH hydro- 
lyzable phosphatide choline, 2.8 mg.; total phosphatide, 32.62 mg.; 
sphingomyelin, 0.98 mg.; lecithin, 18.48 mg.; cephalin, 13.16 mg. 

The white residue contained a further amount of phospholipid. It was 
completely devoid of proteinaceous material. 

Soxhlet alcoholic extraction of the liver powder dried with acetone 
yielded: sphingomyelin, 9.55 mg.; lecithin, 25.4 mg.; cephalin, 29.30 mg.; 
or a total phospholipid of 64.25 mg. from 2.93 gm. of the dried liver powder. 
An analysis for cholesterol was not attempted. The preparation made by 
the alcoholic extraction reacted with serum as the “antigen’’ prepared by 
the Gruskin method. 

A significant difference in the chemistry and the reaction of the product 
in the Gruskin test did not occur whether the alcoholic solution was made 
by letting the powder stand with alcohol for 3 weeks or by Soxhlet ex- 
traction for 24 hours. 

The chemical study showed that the “Gruskin antigen” is a non-pro- 
teinaceous mixture high in phospholipids, especially lecithin and cephalin. 
A few tests were made on the serum of cancer patients with an alcoholic 
solution of lecithin and cephalin and results similar to those with the 
“Gruskin antigen” were obtained. The cephalin solution used in per- 
forming the cephalin-flocculation test in liver disease yielded negative 
results. 

It might be added that Sachs (1/7) in 1932 employed an alcoholic- 
lecithin (1 percent) solution in a serodiagnostic test for cancer. 

Alcoholic extracts were made of acetone-dried embryonic liver, with 
and without previous autolysis and with and without desiccation before 
extraction with alcohol. The serodiagnostic results were the same. 
Soxhlet extraction was conducted on embryonic liver with alcohol, then 
ether, and then the residue was extracted with warm water. Flocculation 
was obtained only with the alcoholic extracts. The results of these and 
several other procedures, which need not be mentioned, showed that 
alcohol was an essential part of the extraction procedure applied to the 
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liver tissue and of the reaction, since an alcoholic solution of antigen was 
required to give the reaction. 
RESULTS 

Predictive value of the Gruskin test.—In this first phase of the investi- 
gation the test was applied, following carefully Dr. Gruskin’s instructions 
concerning technique, to over 100 patients having proved carcinoma, and 
to over 100 individuals not having carcinoma (12 months’ follow-up). Of 
the cancer cases, approximately three-fourths (76 percent of 124) had had 
some types of therapy for cancer (usually surgical removal or X-radiation 
of the tumor) for various lengths of time before the blood serum was 
obtained for testing. The remainder of the cases were relatively early or 
had extensive metastases in spite of previous treatment. Of the non- 
cancer patients one-half (101 of 202) had had some sort of illness consisting 
of various degrees of inflammation or metabolic dysfunction. The re- 
maining controls were relatively young medical students and technicians 
with no physical complaints. The heterogeneous group was formed in 
order to examine the test first under conditions of medical practice, or 
under conditions where differentiation would have to be made between 
the sick without and with carcinoma, and not between presumptively 
healthly individuals and the obviously cancerous subjects. 

It was found that 57 percent (115 of 202) of the noncancer cases gave 
“false positive’ reactions, and that only 8 percent (10 or 124) of the 
cancer cases gave “false negative’ tests. When these results (table 1) 
were examined by the chi-square test, it was found that the difference 
observed could occur by chance less than 1 in 100 such groups. Thus, 
the test has predictability value for cancer or something associated with cancer; 
however, the high incidence of “false positives’’ invalidates the test for 
diagnostic purposes. 

It was found further that the first reading (1 minute) had greater pre- 
dictive value than the second (1 hour) and the third (24 hours), and that 
an appraisal of the group of readings was of more predictive value than 
one alone. This appraisal was subjective and of value only after much 
experience in reading the test. Sufficient tests were made at this time on 
pooled serum from cancer and noncancer subjects to demonstrate that 
the results of the test were consistently reproducible. This was further 
evidence that on the average there was a detectable difference between 
the serum of cancer- and non-cancer-bearing persons. 

Tests were performed on a total of 373 non-cancer-bearing subjects 
(patients and normal subjects), the “false positives” being 45 percent, 
and on a total of 273 cancer-bearing subjects, the “false negatives” being 
5 percent. 

Unfortunately the foregoing portion of this study was performed before 
we studied the effect of temperature on the test and the test-retest re- 
liability of the test. In view of the consistent differences found in the 
pooled sera from cancer and noncancer patients, it was thought best to 
determine whether the test had predictive value when applied to individual 
sera. It would have been better to have reversed this experimental plan. 
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TABLE 1.—Comparison of results in cancer cases of all types 





Type of case | Positive test Negative test 


28 | 15 





A. Known cancer—no therapy—‘‘fresh”’ cases-_-_-- a 
B. Recurrence from metastases though treated previous- 

















ae? 5 
EE SE ES LO AO ee, OP te tvimaene’ 

C. Known cancer—treatment in progress or completed | 
less than 5 vears___---- | 45 24 

D. Known cancer—operated or x- -ray ed, and blood taken | 
within 2 weeks after therapy--_------------------ 12 | 31 
E. Known cancer—5-year cures. .~....-.-...---.----- __ | Ss 
| 114 | = 10(or 3) 
Total cancer cases of all types___-__----- rt nee eee 124 
F. Medical-student and nonpregnant-women controls a 39 | 62 
G. Noninflammatory patients—controls-__-_--_---_----- 19 | 8 
H. Patients with inflammation—controls-_--_-----_---- 19 | 7 
RN SN eg PSOE BENT LEAS ee | 14 | 3 
I oo io erecta ns aterm atari mia mraeinia 7 | 2 
Aetaeits, rneumetiom......................... 6 F 
I. Endocrine, obesity, growth. _............---_--_-- | 7 | 3 
J. Benign brain tumor, neuroma-_-__-..-..-.----_----- GR ees ee 
og EE Ree ieee | ae 

| 

| 115 | 87 
(eer 202 





1 3 of 5 cachectic. 

? First 3 of 4 on Stilbestrol (3 prostatic cancers). 

3 Extensive metastases: though patient prepared for surgery, he was terminal. 

* According to Gruskin’s observations, only 3 of the 10 should have given a positive test. 


Factors THat AFFECT THE RESULTS OF THE TEST, AND ATTEMPTs TO IMPROVE THE 
TEsT 


Since the test proved to have some predictive value, it was considered 
advisable to try to improve the test and to ascertain the factors that 
influence it. For lack of space, only some of the more pertinent data and 
experiments performed are presented, more than one-half of the work 
actually done being omitted. 

Results obtained by diluting serum.—It was thought that instead of 
adjusting the serum to a constant specific gravity, this aim might be 
approximated by simply diluting with 0.5 cc. of a 0.85 percent solution 
of sodium chloride. The 1 cc. of diluted serum was added as described, 
but in this method the test tubes were only slightly agitated and the 
readings were made between the Ist and 3d minutes without further 
dilution. In this modified test the floccules disappeared as a rule within 
1 hour. 

The incidence of ‘“‘false positives” in 141 noncancerous students and 
patient controls fell from 55 percent with the original method to 27 percent 
in 110 cases with this “dilution method.” Unfortunately, the incidence 
of “false negatives’ in known cancer patients increased to 43 percent in 
21 cases. Again, the results of the chi-square test indicate that the test 
revealed a significant difference between the serum from cancer and non- 
cancer patients, or the test possessed some predictive value but no practical 
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value. This was true regardless of whether young healthy subjects or 
noncancer patients were used as controls. 

The effect of diet—Gruskin has indicated that the presence of the 
digestive products of dietary protein and fat in the serum are conducive 
to “false positive” reactions. Twelve young, apparently normal indi- 
viduals were placed on the 36-hour diet specified by Dr. Gruskin, which is a 
high-carbohydrate, low-protein, low-fat, and low-calorie diet. Fasting 
blood samples taken at the end of this period were compared with the 
fasting blood samples on the same individuals taken after a 12-hour, 
overnight fast as practiced before obtaining all other blood samples in 
this study. The same alcoholic extract or solution of “antigen” was 
employed throughout. The temperature was maintained constant at 
20° to 21° C. Five cancer patients were also placed on the 36-hour diet 
and all gave a 4+ reaction with 0.03 cc. of the alcoholic solution of “anti- 
gen.”’ <A significant difference between the results on the sera of an over- 
night fast, with and without the diet, was not obtained. 

In addition, 6 noncancer, young, healthy individuals, who had given a 
“false positive” test, were placed on a strict carbohydrate diet for the 
evening meal, and a sample of blood was taken before and after breakfast 
the next morning. The carbohydrate meal the previous evening did not 
affect the results, though the breakfast containing some egg and milk did. 
(Definitely lipemic blood is usually positive, regardless of its source.) 

These results show that “false positives’ are produced by a meal, but 
precautions other than a 12-hour fast had no significant effect on the 
incidence of “false positives.” 

The effect of temperature.—In the early part of this work the tests were 
performed at room temperature, which was the temperature used by 
Gruskin. During this time, the room temperature ranged from 20° to 
38° C., and it was empirically observed that the sensitivity of the reaction 
was influenced by temperature. 

The effect of temperature on the reaction was studied on a pool of sera 
from known cancer cases and compared with a pool of sera from healthy 
individuals. All known factors were kept constant except the temperature 
at which the test was performed. Glassware and reagents of the test 
were permitted to reach the desired temperature before performing the 
tests. The tubes were removed from the water bath only for the 2- 
minute shaking periods and returned to the designated temperatures as 
quickly as possible. The temperatures tested in the first experiment 
were —0.5, 21.5, 37, and 55.5° C. Observations were made at 15-minute 
intervals for a period of 2.5 hours. 

The results are tabulated in table 2. No flocculation was obtained at 
—0.5° C. with either cancer or normal sera, some differentiation between 
cancer and normal sera was noted at 21.5° C., with a tendency toward 
reversibility on standing. At both 37° C. and 55.5° C. heavy flocculations 
and clouding were obtained in both cancer and normal sera that showed 
no tendency to reversal over the period of observation. After the 
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2-hour period the tests performed at —0.5° C. were warmed to room 
temperature. The tests performed at the other three temperatures were 
cooled to —0.5° C. No change in any of the tests was noted by this 
reversal of temperature, indicating that the reaction occurs at the time of 
first contact of antigen and serum. One may note that in other experi- 
ments the tests performed at room temperature and incubated at 4° C.., 
room temperature, and at 37° C. after completion of the test showed a 
tendency toward reversal of the reaction. With the subjective method of 
reading, no increase in degree of flocculation has been noted with time or 
temperature of incubation following the completion of the test. 

Tests performed subsequently in a water bath at 20° C. to 22° C. 
showed a marked decrease in sensitivity. Therefore, the effect of tem- 
perature on the test was again evaluated over the range of 10° C. to 39° C. 
at increments of 5° C. or less. The results are tabulated in table 3. 
Tests on 2 sera were set up 1 at a time, each in duplicate. No more than 
2 were performed at one time, since previous experiments had indicated 
that a period of longer than 5 minutes of standing after addition of the 
serum to the “antigen” altered the results. Readings were taken at 
1— and 5-—minute intervals. 


TABLE 3.—Effect of Temperature 





| Pool of known cancer sera Pool of known normal sera 
Temperature | 





. ode | . . 
1 minute ! 5 minutes 1 minute 5 minutes 





+H+H+HH | I | 


+++H+H I i 1 


bh 


+4++4+4+4+44 | | 
+4+4+4+444+ 
+4++++4++ 
+4++++ 


++4+4+4+4+41 11 





ale 
T 


7 ee 
37.5-39° C____-_- 








+4+4+4++4++ 
+4++4+4+4+4++ 
++++++4+4 1 
tab b+ 
bE PE EEE 
te ae ae 
4++4++++4++ 

++ +++ 


iws) 

% 

_ 
ett + 
-- 


ba bb 





+4+4++4+4++ 
+ + 

FFFH PTH | 
gs 


+ + 
; 
+ + 





1 Duplicate tests 


The differentiation between cancer and normal serum is just apparent at 
20°C. This accounts for the decrease in sensitivity of the tests performed 
at that temperature. The range between 30° and 33° C. yields the most 
specific results, and the temperature of 31° C. was chosen for subsequent 
tests. 

It seems certain that the specificity of previous results has been affected 
by room temperature differences and that this factor has to be controlled. 

Effect of freezing sera on reaction.—This was studied, since it was the best 
way to avoid changes from occurring in serum and causing variations in 
the results of the tests, as a result of standing of the serum at different 
temperatures and for different durations. 

It was found that the results of tests performed on the sera on the day 
the blood was drawn did not differ significantly from the results on the 
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same sera that had been separated from the clot, inactivated at 56°C. for 
30 minutes, rapidly frozen in dry carbon dioxide and acetone, and stored 

at —15°C. for periods up to 3 months. Therefore, all sera were preserved 
in this manner and brought to room temperature on the day they were 
tested. 

Reproducibility of results of the reaction.—In earlier work we had per- 
formed tests on pooled sera, which satisfied us that the results were con- 
sistently reproducible. But, we repeated tests on the blood of the same 
patient sufficiently to indicate that readings on the same patient were 
reproducible to the extent that under the same conditions of diet and 
rest the result of the test on the same subject was the same. However, 
this impression was not statis! cally valid for the same individual because 
we had not performed the test many times on a significant number of in- 
dividuals. As our experience with the test on the sera of different patients 
increased, and regardless of the statistical predictability of the test when 
applied to a group of cancer and noncancer patients, the question arose 
whether we were actually dealing with sera from the same or different 
populations, especially when the factor of temperature was controlled. 

Ten individual tests were then performed on each of 4 known cancer 
sera and on each of 4 presumably normal individuals. These were per- 
formed under identical conditions at 31° C. in a constant-temperature 
water bath using 0.03 cc. of the same batch of antigen for each test. 
The results on the 5-minute reading of these tests were then evaluated 
statistically by assigning a value of 1 to each + in the result, and 0.5 for 
each +. Results are given in table 4. 


TABLE 4.—Showing reproducibility of the test on four known cancer sera and four known 
noncancer sera 


























| Cancer | Normal 
No. of tests | 
| z | 8 7 | z | 8 | 8z t 
a 3. 5 | +0. 84 | | +0. 27 = 0. 95) +1. 09 | +0. 34 5. 8 
10_ 3. 8 +. 63 | +. 20 Pe +.47 +.15 12. 5 
ee 3.7| +.47| +.15| Lo| +£:4 | 4:12] 135 
Seer | 3.6 +. 69 | +. 22 1.4 +. 65 | +. 209 7.3 
Se | 3. 65 +.71 | +.11 | 1. 01) +.61 | +.096| 17.7 
| | 
{=the mean of 10 tests. 
s=standard deviation, found by formula e= =. 


— 
$>=standard error, found by formula sr=——- 
/n 


a : z 
t=significance of the difference, from ear 


From the value for f, it appears that the hypothesis that the samples 
are drawn from the same population is invalid. The evidence again 
indicates that the test differentiates samples into two populations with different 
means. 
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These and other results were then evaluated by use of the formula 


s 


n=tc? where c== to determine how many tests would need to be 


done on each specimen to arrive at a valid evaluation for a single specimen. 
From the results, it was decided that five individual tests should be done 
on each serum to determine whether the reading was +, +-+, +++, or 
++++. That is, at times the serum of a normal person would give a 
one-plus or occasionally a two-plus flocculation; and, in order to obtain a 
statistically valid mean, five tests had to be performed. This demon- 
strated that because we followed Gruskin’s directions of calling a one- 
plus flocculation a positive test some of the “false positives” were not 
positive. This source of error would not apply to the “false negatives,”’ 
but would reduce the percentage of false positives to approximately 30 
percent. Patients with diabetes, inflammation, and metabolic diseases 
would still yield a high percentage of ‘false positives’ and render the test 
impractical. 

Effect of standing after layering of serum on alcoholic solution of “anti- 
gen.’’—We were next interested in being able to set up more than one test 
at a time if possible. Accordingly, an experiment was performed in 
which the time at which the antigen and serum were permitted to stand 
undisturbed was varied. This interval had been 3 minutes when the tests 
were performed singly. Again five tests were done with each interval of 
time. 

The degree of flocculation appeared to increase with lengthening of the 
time interval with both cancer and normal sera. From the results, it 
was considered advisable not to do more than two tests at one time, which 
would still limit the period of standing to 5 minutes. 

The role of alcohol in the reaction.—Early in the course of the study and 
before the importance of temperature control was known and the statistical 
study of the reproducibility of the tests had been made, results, which 
need not be cited here, were obtained which indicated that alcohol alone 
would differentiate between serum from a cancer and noncancer healthy 
subject, but that the ‘‘Gruskin antigen” sensitized the alcoholic coagula- 
tion. The results of chemical studies again caused us to suspect that 
alcohol coagulation alone might be the basis of the reaction. 

It should be recalled that in the original test the concentration of 
alcohol resulting from adding 0.03 ce. of alcoholic solution of “antigen’’ to 
0.5 cc. of serum and their mixing is approximately 6 percent. In the 
performance of the test, however, the alcohol and serum are permitted 
to remain in contact for 3 minutes before shaking. And, in this case the 
concentration of alcohol in contact with the surface of the serum ap- 
proximates 95 percent for a short period. It is possible that this local 
concentration of alcohol may cause coagulation of the serum proteins. 
(It was thought when the preliminary evidence indicated that the phos- 
pholipid-rich “antigen” sensitized the coagulation, that the phospholipid 
by surface action slowed diffusion and prolonged the period of contact of 
a high concentration of alcohol with the serum proteins.) 
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To determine the effect of alcohol alone on cancer and normal sera, 5 
sera from patients with diagnosed, untreated cancer and 5 sera from 
apparently normal individuals were tested each 5 times, 1 at a time, 
with 0.03 ec. of aleohol, at 31° C. Statistical analysis of the results 
showed that alcohol alone reveals a quantitative difference between 
cancer and normal sera as judged by the value of ¢. A cancer pool and 
a normal pool were next tested each 10 times with 0.03 cc. of antigen and 
also 10 times with 0.03 cc. of absolute alcohol. The results when analyzed 
statistically failed to show that the antigen sensitized the coagulation 
caused by the alcohol: Finally an additional study was made to de- 
termine whether the action of phospholipids and other substances, which 
might be present in the antigen, is essential for the reaction. A single 
batch of “‘antigen’”’ was divided into 5 aliquots; 4 of the aliquots were 
treated as follows with the idea of destroying or removing an “‘antigen”’ 
from the alcoholic solution of ‘‘antigen”’: 


1. KOH 150° C. 24 hr.—distilled. 

2. 150° C. 24 hr.—sealed in vacuo. 
3. Na fusion distilled. 

4. Adsorbed with IR-100, 2 gm. per 10 ce. 


with Zeo Karb, 2 gm. per 10 ce. 


A portion of the alcohol from the original alcoholic solution of ‘anti- 
gen” was redistilled and served as a control. 

Since the results of these treatments were not significantly different, 
especially as regards specificity, there is no evidence showing that the 
“antigen’”’ contributes significantly to the reaction. 

Application of the use of alcohol coagulation by a layering technique to the 
detection of cancer.—Accordingly, the reliability of the use of alcohol alone 
as a coagulating or precipitating agent for blood protein when placed as 
a layer over blood serum for the detection of cancer was then studied. 

Three types of blood samples were obtained. One from apparently 
healthy young persons; another from patients entering the dispensary for 
complaints other than cancer; and a third from patients with untreated 
diagnosed cancer of any organ. The blood was taken after a 12-hour 
fast in the morning before breakfast. 

Tests were performed | at a time, 5 tests on each blood sample, as follows: 
Only nonhemolyzed, nonicteric, nonlipemic serum is used. All reagents 
are warmed to 31° C. in a water bath. Pipette 0.03 cc. of alcohol into a 
Kahn test tube; absolute alcohol is essential. A pipette containing 0.5 
ec. of serum is carefully placed in this test tube until the tip of the pipette 
is approximately 2 mm. above the alcohol and not touching the walls of 
the tube. One drop of serum at a time is slowly released at 1.5-seconds 
intervals. Each drop of serum released necessitates a slight raising of the 
tip of the pipette so that the 2-mm. gap between the alcohol and pipette 
is maintained. Let stand undisturbed for 3 minutes in water bath at 
31° C. Shake for 2 minutes in a Kahn shaking machine. Add 0.5 ce. 
of 0.85 percent NaCl. Leave for 1 minute in water bath. Shake for 2 
minutes. Add 0.5 cc. of 0.85 percent NaCl. Read in 5 minutes and 1 
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hour at 31° C. Place tubes in refrigerator and read again (18-24 hours). 

The results of 5 tests on each sample of serum are presented in table 5. 
The mean (Z) and the mean + standard deviation, (£¢+8) for the 5-minute 
and 18- to 24-hour reading being given. On the basis of the 5-minute 
reading, a mean (Z) of 2.5 plus or less for 5 tests on the same sample of 
serum is “negative” for cancer and above 2.5 is “positive” for cancer. 
For the 18- to 24-hour readings, a mean of 1.5 or less would be “negative,” 
above 1.5 “positive.” 


TABLE 5.—Statistical data on 5—minute and 18- to 24-hour readings 














| Number | e 7: 
Type of specimen of speci- | z | r+s 
} mens 
5-minute reading 
| SEE er ce erences Lae yee ye Sa ee EE 8 | 3. 5 2. 86 to 4. 14 
Normal_-_--- a rae se ieener 15 1.05 . 49 to 1. 61 
Miscellaneous -___ sib leh ec ase ate “ 14 1. 34 | . 33 to 3. 01 








18- to 24-hour reading 





| eee nye eee a eee See 8 2.8 1. 69 to 3. 91 
Normal - - - - - : pSeasacn ae oa 15 | . 54 | .26to . 82 
Miscellaneous____- _--_- : 14 . 95 | . 13 to 1. 96 





| 





The number of “positive” and ‘‘negative’’ tests in the 3 groups of sub- 
jects is shown in table 6. The 3 patients in the miscellaneous group who 
gave a “false positive’ test had diabetes, as has been observed before. 

The results definitely indicate that absolute alcohol is the principal 
ingredient of the ‘‘Gruskin antigen solution.”’ But, they are inadequate 
to warrant a conclusion to the effect that the ‘““Gruskin antigen” is of no 
value. This would have to be determined by performing the test on the 
same sera, using alcohol with and without “antigen.’’ On the basis of 
our data a large number of sera would have to be tested (each 5 times) in 
order to obtain a statistically significant difference, if such exists. We 
do not believe that our data warrant this expenditure of time, especially 
in view of the lack of a high degree of specificity of the test, a lack which 
we have not been able to improve. 


TABLE 6.—Results of reactions read at different time intervals 











Time of reading Results Scancer | 15 normals | BD . oll 

, q Se 8 1 13 

5 minutes.--.------------- t eanttos Teor age nay Meee ee 0 14 11 
, ‘ ane ae are 7 0 13 

18 to 24 hours_..---------- 4 caer aE 1 15 11 

















1 These patients had diabetes. 
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Difficulty in setting up and in reading the test on account of the layering 
technique.—As the “Gruskin test” is performed, it is difficult to set up 
any two tests exactly alike because a layering technique—as in some 
precipitation tests—-is used. This is important because a variation be- 
tween tests in the technique of layering in the alcohol exposes the serum 
proteins to a variation in the concentration of alcohol with which they 
are brought into contact. Furthermore, the reading of the test requires 
considerable experience and is dependent to some extent on the individual 
reading the test, and small differences cannot be detected. Even an 
experienced person on repeating the test on the same sera “blindly” 
will vary from 0 to ++ on the same sera. 

When we first started we had the advantage of being trained by Dr. 
Gruskin, but in some cases even Dr. Gruskin could not satisfactorily 
differentiate between the reading of a cancerous and a noncancerous serum. 
It was chiefly for this reason that the person performing the tests in this study 
did not know the source of the sera except when pooled sera were used. 

We believe that the two difficulties just referred to account for the 
inaccuracy of the test, except in cases of diseases, like diabetes, which 
yield quite uniformly strongly ‘false positive” tests. 

Studies on the alcohol precipitable proteins in the serum of noncancer and 
cancer-bearing subjects.—It was hypothesized that, if the alcohol in the 
“Gruskin test’? was only acting to precipitate a protein, present in excess 
or present as a new protein, in the serum, then the tedious and variable 
method of layering could be discarded, and the alcohol added slowly and 
directly to the serum (diluted or undiluted) while the serum was being 
shaken at a controlled temperature. (The precipitate gave a positive 
Biuret, Hopkins-Cole, and ninhydrin test for protein.) 

Various studies were made on all the hypothetical variables in the 
procedure. Two illustrations will be given of the various procedures 
used. (A) The serum (1 cc.) was placed in a test tube immersed in a 
water bath at 25° C. While shaking the test tube, ethyl alcohol in dis- 
tilled water was added slowly drop-by-drop, so that the final concentration 
of alcohol would be 17.1, 21.0, 25.6, or 29.9 percent, and the final dilution 
of the serum or serum-to-alcoholic solution was 1 to 10. After 20 minutes 
of shaking, the average light transmission of each solution was measured 
with a Coleman spectrophotometer at 450xz. 

(B) Ethyl alcohol (10 cc.) in a series of concentrations in distilled water, 
ranging from 0 to 60 percent in increments of 5 percent, was placed in a 
small (25 cc.) stoppered Erlenmeyer flask, which was placed in a water 
bath at 31.0° C. The serum was diluted 1 to 1 with either distilled water 
or 0.85-percent NaCl, and also placed in the water bath. After the 
temperature of the solutions reached 31° C., 1.0 cc. of the diluted serum 
was added to the alcohol solution in each flask while it was being shaken 
with a mechanical shaker, all shaking being continued for 1 minute. 
Reading of light transmission was then made at 1 hour and 24 hours, using 
the Evelyn colorimeter at a wave length of 6004. The effect of color 
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was controlled by standardizing the colorimeter against potassium dichro- 
mate solution. 

The results with procedure “A” indicated that sera from a cancer 
patient tended to contain more protein precipitable at a concentration of 
25 percent than sera from a noncancer patient, which bore no relation to 
the protein content of the serum. This difference, however, though 
uniform, on the average, at a 20-, 25-, and 30-percent concentration of 
alcohol was not statistically significant. 

The sera of 6 noncancer and 6 cancer-bearing subjects when treated by 
procedure “‘B”’ yielded almost identical turbidity values at a concentration 
of 20, 25, 30, 35, and 40 percent. 

Thus, our attempts to avoid the method of layering the alcohol with the 
serum failed. This indicates that the size and form of the floccules, 
“amorphous white plates instead of globules or particles” as claimed by 
Gruskin, is of decisive significance. Shaking breaks and homogenizes 
the floccules. In other words, the degree of specificity of the Gruskin 
test does not depend apparently on there being more of an alcohol- 
precipitable protein in the serum of the cancer-bearing patient, but rather 
on the physical form that the protein takes at the alcohol-serum interface. 


SUMMARY AND CONCLUSION 


The ‘“‘Gruskin test’’ consists of producing an interface between ethyl 
alcohol (95%+), containing phospholipid extracted from the embryonic 
liver of calves (Gruskin “antigen” solution) and the serum of the sub- 
ject. This results in the formation of floccules that appear as white plates 
in the presence of cancer. In this entire study we have applied the test 
to a total of 373 clinically normal persons and non-cancer-bearing pa- 
tients with various diseases as they would appear in a general practice and 
to 273 cancer-bearing patients. (These figures include those in table 1 but 
not those in tables 5 and 6.) The incidence of ‘“‘false negatives’”’ in the 
cancer-bearing group was 5 percent, even less if certain cases were elim- 
inated as recommended by Dr. Gruskin. The incidence of “false positives”’ 
was 45 percent. The test clearly and consistently differentiates between 
pooled sera from cancer- and non-cancer-bearing subjects. 

The results have shown that statistically the Gruskin test, as performed 
by him, is predictive for the presence of known cancer in a person; but 
the incidence of ‘‘false positives’ is so high, or the specificity ofthe test 
is so low, that it is unreliable for diagnostic purposes. 

It has been found that temperature affects the occurrence of flocculation. 
The reading of the test is so variable that in order to obtain a statistically 
reliable average reading by the same observer at least five tests must be 
done on the same serum. 

Absolute alcohol not containing the phospholipid (‘‘antigen’’) ex- 
tracted from the embryonic liver yielded as good a prediction of the presence 
or absence of known cancer in the subject as did the use of alcohol con- 
taining the phospholipid. The use of absolute alcohol, however, did not 
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improve the specificity of the test. Evidence was obtained indicating 
that the specificity which the test does possess is not due to an increase 
in the serum of the cancer patient of proteins more readily precipitable 
by alcohol but rather to the physical form the protein takes at the alcohol- 
serum interface. 
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STUDIES OF VARIOUS TESTS FOR 
MALIGNANT NEOPLASTIC DISEASES. 
I. THE REDUCTION OF METHYLENE 
BLUE BY PLASMA !? 


Nits Eriksen, Lester D. ELLERBROOK, and Stuart W. 
Lippincort, Clinical Trials Unit, Cancer Control Branch, 
National Cancer Institute, Bethesda, Md., and Department 
of Pathology, School of Medicine, University of Washington, 
Seatile, Wash. 


INTRODUCTION 


Objective: The program of the National Cancer Institute with reference 
to evaluation of reported tests for the diagnosis of cancer has been recently 
outlined in an editorial (1). Recognition is given in the editorial to the 
fact that a simple, definitive, diagnostic test capable of distinguishing 
each type of neoplastic growth early in its development would offer the 
ideal laboratory aid. However, failing this, a test would still be helpful 
if it could be used for screening purposes to separate normal individuals 
from those with cancer with a reasonable degree of accuracy. In the 
program under way, a number of previously reported tests based upon 
many different chemical approaches and done under widely varying test 
conditions have been selected for investigation. The objective is to 
determine whether any individual test is reliable and applicable as a 
diagnostic or screening test. 

In an attempt to establish the specificity and sensitivity of the tests, 
they are being applied to normal individuals with a wide age distribution, 
to patients with various types of histologically proved benign and malig- 
nant neoplasms, and to those afflicted with a variety of other types of 
diseases. All individuals tested are registered in the Washington State 
Tumor Registry for future follow-up studies, and whenever possible 
specimens of serum are stored in deep-freeze units so that they may be 
further studied at any desired time. 

A number of other factors involved in the routine performance of the 
tests and interpretation of individual test results are being investigated 
to make possible careful evaluations. Among these factors are the 
reproducibility of results, the possibility of using postprandial or re- 


! Received for publication September 14, 1950. 
2 Presented in part at the 41st annual meeting of the American Association for Cancer Research, Inc., Atlantic 
City, April 16, 17, and 18, 1950. 


929548—51 7 705 





Ture RTs 





mar 





ee ee ee 
7S Fer ts se 


Ff 


































706 





JOURNAL OF THE NATIONAL CANCER INSTITUTE 


frigerated specimens, and, in certain cases, the possibility of using different 


types of specimens (e.g., plasma or serum). 


A test meeting the requirements of simplicity, rapidity, and low cost 


has recently been proposed by Black (2). 


According to Black, the plasma 


of patients with malignant diseases tended to have a lowered reducing 
power (increased methylene-blue reduction time) than that of normal 


individuals. 


This plasma-methylene-blue reduction test has undergone 


some changes with succeeding reports, and the source of clinical material 
and the type of individuals studied have not always been clearly stated; 
yet abnormal results have been reported in many cases of malignant 


disease and in a much smaller proportion of cases of other diseases. 


For 


these reasons we have made a study of this test in order to determine its 


value as a practical screening test for malignant disease. 


The papers of 


Black and his associates are reviewed in some detail below, and their 


reported results are summarized in table 1. 


TABLE 1.—Reported results with Black’s methylene-blue reduction test 














Lit- Normal Cancer 
erary pce 
‘on ] — op Range ——— —- —- | Percent abnormal 
(2) |0. 10 76 | 25 percent 9-10; 5 per- 237 | 85 percent 10 minutes or 
cent 10-11 over; 80 percent 11 min- 
utes or Over. 
bse Breseos 9-10.5 doubtful___.___- 136 | 32 percent 9—-10.5 minutes; 
45 percent 11 minutes or 
over. 
(5) | .15 ere eae ee owe 21,000 | 75-80 percent. 
(6) .15 |1, 366 | 0.01 percent over 10_- 468 
(7) 15+! 134 | 98 percent 8 minutes + 82 | 52 percent over 9.5 minutes. 
28. D. (6.5-9.5) 

















1 Almost 2,000 controls. 
? This is apparently an approximate figure. 


REVIEW OF PAPERS ON BLACK’S PLASMA-METHYLENE-BLUE 


REDUCTION TEST 


In his first paper Black (2) stated that the plasma or serum of patients 
with cancer usually has a prolonged methylene-blue reduction time when 
measured by the technique outlined by him. The procedure given was 
as follows: 0.2 ml. of a 0.1-percent solution of methylene blue was mixed 
with 1 ml. of plasma or serum (fasting or postprandial) in a Kahn tube. 
The tube was then immersed in boiling water, and the time required for 
complete decolorization of the dye was noted. The reducing times of 
normal individuals showed the “greatest concentration of values below 


9 minutes.” 


In a group of 76 normal individuals the percentages of 


plasma samples giving various reduction times were stated to be as follows: 
8 percent, 6-7 minutes; 21 percent, 7-8 minutes; 41 percent, 8-9 minutes; 
25 percent, 9-10 minutes; 4 percent, 10-10.5 minutes; 1 percent, 10.5-11 


minutes. 


The plasma of 138 patients with nonmalignant disease tended 
to give values below 10 minutes, but the majority of 237 cases with malig- 
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nant neoplastic diseases gave reduction times of 10 minutes or more. It 
appears from his distribution diagram (Figure 2, reference 2) that about 
85 percent of these values were 10 minutes or over, 80 percent were 11 
minutes or over, and about 62 percent were 12 minutes or over. 

Black also made use of a 0.10-percent solution of brilliant cresyl blue. 
One ml. of plasma and 0.2 ml. of this solution were mixed and then heated 
in boiling water for 10 minutes. Complete reduction to a grey-white 
color was obtained in the nonmalignant groups, while incomplete reduction 
was often found with patients with malignant neoplastic disease. The 
final evaluation of the reducing power of the blood rested upon the reaction 
with both dyes. Although the normal and “cancer”? methylene-blue 
values showed some overlap, it was considered possible in most cases to 
make correct differentiation by virtue of the differences in reaction of the 
brilliant cresyl blue. 

In a later paper Black (3) aimed to describe a standard method of cal- 
ibration of various lots of methylene blue, so that more uniform results 
would be possible in the plasma-reducing test. The procedure was based 
upon the finding that cysteine also reduces methylene blue when heated 
in boiling water, presumably because of its sulfhydryl group. He stated 
that the results indicated a “linear relationship between the cysteine 
concentration and the reducing power, and a definite limiting value of cys- 
teine concentration for reduction of methylene blue.”’ Actually his results 
(Figures 1 and 2, reference 3) do not show a linear relationship between 
the cysteine concentration and the reduction time. Tests of cysteine 
solutions of different concentrations indicated that for a particular con- 
centration of cysteine there was “no appreciable difference in the reducing 
time of methylene blue on varying [its] concentrations between 0.1 and 0.2 
percent although 0.08 percent shows a decided difference.’ Similar 
findings were obtained when a plasma sample was used to reduce the 
methylene-blue solutions; the reduction time for 0.08-percent dye was 5.5 
minutes and that for both 0.13- and 0.20-percent dye was 8 minutes. In 
view of the parallel results obtained with cysteine hydrochloride and 
plasma, Black stated that the cysteine solutions may be used to test the 
reactivity of different lots of methylene blue. Just how this was to be 
done was not made clear. Moreover, he did not explain why a specimen 
of plasma gave identical reduction times with 0.13- and 0.20-percent 
dye, while in his previous paper he reported that a control plasma sample 
gave a reduction time of 9 minutes with a 0.10-percent dye solution and 
one of 15 minutes with a 0.12-percent solution. 

In a later paper by Black, Kleiner, and Bolker (4) describing a heat- 
coagulation reaction of plasma, it was stated, “As reported in the papers 
already referred to [the two mentioned above], a methylene-blue reducing 
time of 11 minutes or more is considered to be suggestive of the presence 
of malignancy; while values of 8.5 minutes or less are considered normal. 
When values between 9.0 and 10.5 minutes are obtained, the plasma is 
also tested with brilliant cresyl blue. Incomplete reduction of this dye is 
interpreted as suggestive of cancer, whereas complete reduction is con- 
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sidered to indicate a normal type of reaction.”” When 136 cancer patients 
were tested by this procedure, 23 percent gave methylene-blue reduction 
times of 6 to 8.5 minutes, 32 percent gave reduction times of 9 to 10.5 
minutes, and 45 percent gave reduction times of 11 to 16 minutes. Abnor- 
mal reactions were obtained by either or both the reducing-power studies 
or the heat-coagulation value in 86 percent of 194 cases of cancer. Of 
1,539 cases tested by the reducing-time studies alone, 80 percent of 533 
cancer cases were identified. 

In 1948 Black (5) reported the use of the methylene-blue reduction 
test upon almost 2,000 control individuals, 1,000 diverse cases of nonneo- 
plastic diseases and 1,000 cases of cancer. Distinctive prolongations of 
the reduction times were noted in 75 to 80 percent of the cancer cases, 
while these prolongations were not found in nonneoplastic diseases, with 
the exception of cases of pregnancy, tuberculosis, rheumatic fever, and 
cirrhosis. He also stated that the elevated reducing times in cancer 
cases are readily reversible after adequate therapeutic procedures via 
surgical resection or radiation. The procedure given involves the use of a 
0.15-percent solution of methylene blue instead of the 0.10- or 0.13-percent 
solutions used previously. The tests were performed in Wassermann 
tubes instead of the Kahn tubes used previously. 

In 1949 Black (6) again reported the use of a 0.15-percent solution of 
methylene blue. The studies had been extended to include the testing 
of 1,366 presumably healthy individuals, and only 0.01 percent of control 
individuals tested gave reduction times above 10.0 minutes. (Most of 
the control individuals were actually cancer-detection-center patients.) 
In view of this he considered times of 10% minutes or longer as abnormal. 
When either the reducing time or the heat-coagulation values were 
abnormal, the reaction was considered to be abnormal or consistent with 
the presence of malignancy. Using these criteria, positive tests were 
obtained in 416 of 468 cases—an identification accuracy of 89 percent. 
Approximately one-half of these cases were ambulatory and pursuing 
normal activity, so it was concluded that these reactions are not based 
upon cachexia or a long-standing debilitating process. The reduction 
technique alone gave no more than 60 to 70 percent positive tests. Nor- 
mal values were obtained by both techniques with 99 percent of 977 
healthy control individuals; with 91 percent of 588 patients with nonneo- 
plastic diseases other than cirrhosis, pregnancy, acute rheumatic fever, 
and tuberculosis; and with 92 percent of 116 cases of nonmalignant 
neoplasms. Drug-free plasma specimens were specified because it was 
found that streptomycin, penicillin, and pyribenzamine gave elevated 
results in both tests. It was also stated that the average individual 
tends to have about the same reduction time over a number of years; 
a cancer patient does not give higher and higher values as the tumor 
enlarges but, rather, he will have a particular reducing time that will 
remain the same unless successful therapy causes it to return to normal. 

Kleiner, with Stettner and others (7), has recently reported on the use 
of the methylene-blue reduction test both alone and in conjunction with 
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the heat turbidity index. They stated that the plasma should be sep- 
arated from the cells within 1 hour, that the tests should be performed as 
soon thereafter as possible, and that the blood should be stored in the 
refrigerator if it is not to be tested immediately. They warn that many 
drugs interfere with the test. 

In their “ present procedure’’ 1 ml. of fasting plasma is placed in a 10- by 
100-mm. Wassermann tube, and to this is added exactly 0.2 ml. of a 
standardized solution of methylene blue in distilled water containing 
approximately 150 mg. of dye per 100 ml. of solution. All patients 
designated as normal had been examined by a physician and passed 
clinically as normal at about the time the blood was withdrawn for 
testing. The majority of these normal subjects came from a cancer- 
detection clinic. The other patients were referred from clinics, out- 
patient departments and wards of several hospitals. No case was in- 
cluded in the malignant series until the diagnosis had been confirmed by 
histologic findings. 

The mean reducing time in 134 normal persons was 8 minutes, with 
a standard deviation of % minute. Ninety-eight percent of the values 
fell within a range of plus or minus two standard deviations from the 
mean. Consequently a reduction time of 10 minutes or more was con- 
sidered to be abnormal. The reduction times obtained in 82 cases of 
malignant neoplasms ranged from 6% to 14% minutes, and 52 percent of 
them were 10 minutes or more. Most (about 92 percent) of the times 
obtained in 239 patients with a variety of nonmalignant diseases were in 
the normal range, with the exception of some of those obtained in preg- 
nancy, pulmonary tuberculosis, acute rheumatic fever, or quantitative 
disturbances of the blood proteins. The group with known plasma- 
protein abnormalities was excluded from consideration, since the test 
results ‘‘should obviously be corrected for the concentration of protein 
present.” 

The heat-turbidity index was abnormal in 80 percent of the cases of 
malignant disease, and in 96 percent of these cases at least one of the two 
tests gave abnormal results. Of the cases having at least one abnormal 
test result practically all of the patients were ill, and the majority had 
some form of malignant disease. Since only two patients with normal 
combined tests had cancer, the authors conclude that if both test results 
are within normal limits malignant disease is almost certainly absent; 
on the contrary, if either test performed on a drug-free specimen gives an 
abnormal result, and if tuberculosis, pregnancy, acute rheumatic fever, 
and quantitative blood-protein abnormalities are ruled out, the probability 
is that cancer is present. 


MATERIALS AND METHODS 
SELECTION OF SUBJECTS FOR TESTING 


Normal controls.—Blood specimens were collected from a group of 145 
normal individuals ranging in age from 18 to 66 years. One hundred 
eighteen of these specimens were obtained after an overnight fast, and 27 
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were taken 2 to 4 hours after breakfast. These subjects were all healthy, 
as far as could be determined by history, and in nearly all cases by X-ray 
examination of the chest, temperature, white- and red-blood-cell counts, 
and blood-hemoglobin concentration. None of these individuals were 
taken from what may be considered two objectionable sources, a hospital 
out-patient department and a cancer-detection center. 

Patients with neoplastic diseases.—The patients with neoplastic diseases 
included 35 with benign and 144 with malignant lesions. All individuals 
were tested shortly after hospital admission and prior to any form of 
therapy, terminal cases and diseases of long duration thus having been 
practically excluded. No patient had received a transfusion within 1 
week prior to testing. Blood specimens for the test were obtained 
following overnight fasting. All diagnoses were established by micro- 
scopic examination of tissues removed at biopsy, operation, or autopsy. 
An adequate selection was made of many types of neoplasms and classifi- 
cation was based on histogenesis. Careful review of the clinical and 
laboratory records of each individual with malignant disease indicated 
that 80 already had proved metastases, whereas in the other cases metas- 
tases were not recognized at the time of testing. 

Patients with miscellaneous diseases —There were 167 patients with 
miscellaneous diseases. A large number of these patients were selected 
because they had diseases that might be confused clinically with cancer. 
These individuals were usually selected prior to operation when at that 
time it could not be established whether or not the patient might have a 
cancer; e. g., differential diagnosis between peptic ulcer and gastric carcin- 
oma. A number of patients with a variety of other diseases were tested, 
not with the assumption that there might be confusion between these 
diseases and cancer clinically, but on the basis that test results might 
give values within the cancer range. This method of choosing patients 
helped us to study the specificity of the test as well as its possible prac- 
ticability in a screening program. 


TECHNIQUE OF TEST 


A specimen of venous blood was drawn into a dry syringe and trans- 
ferred to a tube containing approximately 20 mg. of potassium oxalate 
per 10 ml. of blood. The oxalate and blood were mixed by gentle inver- 
sion of the cork-stoppered tube. Within 1 to 3 hours the plasma was 
separated from the cells by centrifuging for 20 minutes at 1,100 r. p. m. 
in an International No. 2 Centrifuge fitted with a 16-place head. 

The tests were carried out according to the following procedure, which 
in all essential details is Black’s (6) most recently published method: 

(a) 1 ml. of plasma was delivered from a volumetric pipette into a 13- by 
100-mm. Pyrex tube; (6) 0.20 ml. of 0.15 percent methylene-blue solution 
was added from a 0.2-ml. serological pipette, and the materials were 
mixed thoroughly by rotation of the tubes; (c) the tube was suspended to a 
depth of about 3 inches in a vigorously boiling water bath, and the time 
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required for the last visible trace of blue color to disappear was measured 
to the nearest % minute. 

We found it convenient to suspend the tube by means of a piece of 
rubber tubing that slipped easily over the open end of the tube and was 
held by means of a clamp, allowing the tube to be lowered as the water 
level became lower because of evaporation and at the same time preventing 
water from splashing into the open end of the tube. A 600-ml. beaker 
served as a water bath. 

The methylene blue used in Black’s first study (2) was made by Mal- 
linckrodt and differences in reaction were found with several other samples 
tested. For this reason the methylene-blue solutions used throughout 
this work were prepared from a single bottle of methylene-blue powder 
(Mallinckrodt, U.S. P. XII). All routine tests were run with a solution 
of 0.15 percent strength, made by weighing out 0.150 gm. of the powder 
and diluting to 100 ml. with distilled water in a volumetric flask. The 
solutions were transferred to glass-stoppered Pyrex bottles, and stored 
in a refrigerator when not in use. The solutions were thoroughly mixed 
before each use. 


PROBLEMS OF THE TECHNIQUE 
REPRODUCIBILITY 


The conditions chosen by Black for his test result in a reaction that 
takes place, after the first minute or two of heating, in a semi-solid medium, 
broken up in most cases by the evolution of water vapor and dissolved 
gases. The coagulation of the plasma proteins prevents free intermixture 
of the reactants. Consequently islands of unreduced methylene blue 
remain after the main body of the coagulum has been decolorized. The 
reaction is timed until the last of these islands disappears. So much 
would seem to depend on the physical nature of the clot formed that it 
was deemed advisable to make a thorough study of the reproducibility of 
results. 

The error of measurement attached to the determination of a single 
reduction time was estimated by comparing the results of duplicate 
determinations on 63 plasma specimens having reduction times ranging 
from 6% to 22 minutes. The variance for each pair of measurements was 
taken to be % the square of the difference between the 2 measurements. 
The average variance was found to be 0.43 giving a standard error of a 
single measurement of 0.66 minute, the square root of the average variance. 
The ratio of this standard error of measurement to the average reduction 
time, the coefficient of variation of measurement, is then 6.1 percent. 

More reliable estimates of the error variance for an individual specimen 
were computed from the results of 10 replicate determinations done 
with a normal-plasma specimen and similarly with an abnormal specimen. 
For the normal specimen, having a mean reduction time of 7.2 minutes, 
the variance, standard deviation, and coefficient of variation were found 
to be 0.28, 0.53, and 7.4 percent, respectively. For the abnormal speci- 
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men, having a mean reduction time of 16.1 minutes, the corresponding 
figures were 0.97, 0.98, and 6.1 percent, respectively. 

The combined results for the 65 plasma specimens show a coefficient 
of variation of about 6% percent. These specimens being assumed to be a 
representative sample, the coefficient of variation indicates that there is a 
probability of 0.68 that any single determination of the reduction time 
will be within 6% percent of the true value. 


STANDARDIZATION OF THE REAGENT 


A satisfactory method of standardizing the methylene-blue solution 
used for the reduction test as yet to be proposed. Originally Black (2) 
tested new solutions of methylene blue with a control plasma. If the 
reduction time was different from that obtained with the previous solution, 
he diluted or concentrated the new solution, as the case required. How 
the control plasma was preserved, or reproduced at the desired time, was 
not made clear. In a subsequent paper (3), Black suggested the use of 
cysteine hydrochloride to standardize methylene-blue solutions. He 
stated explicitly, “The reaction between cysteine and methylene blue 
shows a linear relationship, which may be used for calibration of different 
lots of methylene blue.’’ Yet in the same paper he also stated that there 
is no appreciable difference in the time of reduction of methylene blue by 
cysteine hydrochloride on varying the concentration of the dye between 
0.1 and 0.2 percent, which is precisely the range wherein a reliable indica- 
tor of variations in concentration would be necessary for standardizing 
a 0.15-percent solution. Somewhat later Black (8) recommended cali- 
brated solutions of 0.15-percent methylene blue prepared by Endo 
Products, Incorporated. These solutions are said to be standardized 
against plasma from human subjects and also by a spectrophotometric 
method, the details of which are not explained in the commercial literature 
describing the product. Stettner and associates (7) defined a primary 
methylene-blue standard as a solution (containing approximately 150 
mg. of dye per 100 ml. of solution) that gives a reduction time of between 
7 and 9 minutes for normal plasmas. 

The test results presented in this paper were obtained by the use of 6 
different methylene-blue solutions, numbered consecutively from 1 to 6 
for convenient reference here. It was noted that these supposedly iden- 
tical solutions, prepared at different times from the same bottle of methyl- 
ene-blue powder, did not all behave identically. For example, 2 of the 
solutions were tested on one occasion against 6 specimens of plasma, 
and were also compared in a Coleman Junior spectrophotometer at \= 
660 my, the absorption maximum of methylene blue. The results are 
shown in table 2. According to reduction times, solution 5 would be 
considered the more concentrated of the two; optically, however, solution 
3 appears to be slightly more concentrated than the other. Similar 
contradictions were observed on other occasions with other solutions. 
We are unable to account for these differences, but it is obvious that two 
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solutions could not be considered identical upon the basis of optical 
agreement alone. 


TABLE 2.—Comparison of plasma reduction times with optical densities of methylene- 
blue solutions 





Reduction time (minutes) 
Plasma specimen No. 











Solution 3 Solution 5 

nas sacin 4c aca eninnweeraxuawnueutens 7% 9% 
5446 _ _ anata Sica ee acme ae 7% 9 
5447 - ~--+------------ igerhareracuemen Me 7% 9% 
BE Sicuimes cabana maleated wer fay mae = es 9 10 
ee ivne cuneeaewe a 8 914 
5470 _ - as Raskaes lare ga a aia Seen ae ea paces a otaears 8 814 

ae rte wee ci ee ee 0 | 9.3 


Optical density of 1:250 
dilution at A=660 mz 
(arbitrary units) 

0.7 0. 745 








The relation between concentration of methylene blue and time of 
reduction by cysteine hydrochloride is shown graphically in text-figure 1. 
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TEXT-FIGURE 1.—Relation between concentration of methylene blue and time of 
reduction by 0.0325 M cysteine hydrochloride at 100°C. 


The method used was the same as that described for plasma, except that 
1 ml. of 0.0325 M cysteine hydrochloride was substituted for the plasma. 
The concentration of methylene blue was varied, but the volume of 
solution added was always 0.2 ml. A curve constructed from Black’s 
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data (3) is shown in the same text-figure. The two sets of data are seen 
to be in entire disagreement. More important than this difference is the 
fact that neither curve would be suitable for accurately standardizing 
methylene blue in the concentration interval 0.1-0.2 percent. The 
inverse relation between concentration and time, confirmed by us on 
several occasions, suggests variations in the reaction kinetics with changing 
methylene-blue concentration. 

Because of the lack of a suitable chemical or physical method of stand- 
ardization, we compared successively prepared methylene-blue solutions 
on the basis of reduction times obtained simultaneously with duplicate 
samples of a series of 10 to 20 plasma specimens having a wide range of 
reduction times. With consideration for the probable error attached to a 
single determination, the observed differences between duplicate samples 
were analyzed by statistical methods. In addition, an indirect check 
between solutions was made by comparing distributions of normal values 
obtained with each solution. If two or more solutions wes: ound to give 
reduction times that were statistically indistinguishable, the solutions 
were considered to be identical, and test results obtained by their use 
were not differentiated according to the solution used. If a solution 
was found to give reduction times that were significantly different from 
those given by other solutions, test results obtained by its use were 
treated separately; 7. e., evaluated by comparison with normal-plasma 
reduction times given by the same solution. For the reasons just set 
forth, solutions 1 and 2 were combined into one group, solution 3 was 
considered by itself, and solutions 4, 5, and 6 were combined into another 
group. 


RELATION BETWEEN CONCENTRATION OF METHYLENE BLUE AND TIME OF REDUCTION 
BY PLASMA 


In his series of papers dealing with the methylene-blue test, Black has 
reported test results based on methylene-blue solutions having concentra- 
tions of 0.10, 0.13, and finally 0.15 percent (2-6). The adoption of the 
higher concentrations apparently was a result of his observation that 
between methylene-blue concentrations of 0.10 and 0.20 percent the 
reducing times obtained with plasma did not differ appreciably. If this 
observation were correct, there would be no need for accurate standardiza- 
tion of methylene-blue solutions, provided they were within the specified 
range of concentration, yet Black has repeatedly mentioned the importance 
of standardizing each freshly prepared solution. 

In our laboratory a steady increase in reduction time with increasing 
methylene-blue concentration has invariably been observed with plasma. 
Representative data are shown in text-figure 2. Two sets of Black’s 
data are included for comparison. It is seen that his curves not only 
disagree with ours but also seemingly contradict each other. 

The effect of any possible small errors in the preparation of 0.15-percent- 
dye solution was investigated by testing 10 plasma samples simultaneously 
with 0.14, 0.15, and 0.16-percent solutions prepared by dilution of a 
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TEXT-FIGURE 2.—Relation between concentration of methylene blue and time of 
reduction by plasma. 


single 0.3-percent solution. The reduction times ranged from 8 to 13% 
minutes, and in each case an increase with increasing methylene-blue 
concentration was noted. Mean increases in reduction time of 4.3 per- 
cent between 0.14 and 0.15-percent methylene blue, and of 5.6 percent 
between 0.15 and 0.16-percent methylene blue, were observed. The 
relationship between concentration and reduction time is thus approxi- 
mately linear in the concentration interval 0.14 to 0.16-percent methylene 
blue. An error of 0.01 percent (absolute) in the preparation of a methylene- 
blue solution would cause reduction-time errors of the same order of 
magnitude as the coefficient of variation (6% percent) determined for the 
test-technique itself. 


EFFECT OF TUBE-SIZE ON REDUCTION TIME 


Originally Black (2) carried out his test in Kahn tubes, the exact 
dimensions of which he did not specify. Later he switched to Wassermann 
tubes (3-5), again of unspecified dimensions. Stettner etal. (7) specified 
Wassermann tubes measuring 10 by 100 mm. Throughout our work 13 
by 100-mm. Pyrex tubes with an inside diameter of approximately 11 
mm. were used. The effect of tube-size on the reduction time was 
estimated by comparing results obtained by the use of these tubes with 
results obtained by the use of tubes measuring 12 by 100 and 9 by 75 mm. 
In a series of 10 comparisons involving the 2 larger tubes, no greater 
differences were found than would have been expected for duplicate 
determinations in 13-mm. tubes. In a series of 11 comparisons between 
the 13 by 100 and the 9 by 75-mm. tubes, the mean value of reduction 
times determined in the smaller tubes did not differ significantly from that 
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of reduction times determined in the larger tubes, but the average vari- 
ance between results for duplicate specimens was greater than would have 
been expected for duplicate specimens tested in 13-mm. tubes. It appears 
then that the tube-size may affect the reduction time, but that differences 
caused by small variations in size are negligible. 

The rubber sleeves routinely used to suspend the tubes in the water 
bath effectively increased their length but duplicate tests of 22 specimens 
indicated that the results obtained with and without the use of the sleeves 
were not significantly different. 


FACTORS INVOLVED IN APPLICATION OF THE TECHNIQUE 
PiasMa Versus SERUM 


The difference between the reduction times of plasma and serum 
obtained from the same whole-blood specimen was measured in 21 cases. 
The mean difference (0.29 minute) between the plasma and serum values 
did not differ significantly from zero at the 5-percent level. The average 
coefficient of variation for the 21 plasma-serum pairs was 5.7 percent, 
which is almost identical with the average coefficient of variation com- 
puted for duplicate determinations with plasma. We therefore concur 
with Black (2) that serum may be used in place of plasma, although all of 
our work was done with plasma. 


FastTinGc Versus PosTPpRANDIAL SUBJECTS 


In his first publication on the methylene blue test, Black (2) stated 
that it is not necessary to limit the test to blood specimens taken from 
individuals in a fasting state. Since it would be advantageous to have no 
restrictions concerning the absorptive state of the individual whose plasma 
is to be tested, an attempt was made to measure the effect that eating 
might have on the reduction time. 

Twenty-five pairs of plasma specimens were obtained from normal 
individuals before, and approximately 2 hours after, breakfast. Twenty- 
nine such fasting-postprandial pairs were also obtained from cancer 
patients. A statistical analysis of the reduction times of these specimens 
showed that a series of postprandial values may be expected to have the 
same distribution as a corresponding series of fasting values. Although 
the average variance between members of a pair was found to be slightly 
greater than the error variance of a single specimen (significantly greater 
at the 5-percent level, in the case of the cancer specimens), this increased 
variance might just as well be attributed to the actual differences between 
successive specimens as to the effect of the intervening meal; therefore 
it cannot be said with confidence that a fasting value is more reliable than 
a postprandial value. For the sake of uniformity, only fasting values 
are reported in this paper, with the exception of 27 values that were used 
to help establish a normal distribution. It has been shown that for this 
purpose groups of fasting and postprandial values may be used inter- 
changeably. 
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FresH Versus REFRIGERATED SPECIMENS 


Both Black (6) and Stettner et al. (7) have implied that the results of 
the methylene-blue reduction test are not affected by storage of the 
plasma in a refrigerator for 24 hours or less. Because of the practical 
advantage of being able to store the specimen before use, we considered 
this point worthy of verification. 

Certain plasma specimens were tested both as soon as possible after the 
blood was taken and after refrigeration for 24 hours. In a total of 76 
such comparisons a mean decrease in reduction times of 0.8 minute was 
observed. This difference was found to be significantly different from 
zero at the 1-percent level. Eighteen specimens were also tested after an 
additional day of refrigeration. The mean decrease over the 2-day 
storage period was 1.8 minutes. This difference is also significantly 
different from zero at the 1-percent level. 

Our results indicate that there is a definite tendency for the reducing 
time to decrease during storage, and that a significant decrease is very 
likely to occur during the first 24 hours of refrigeration. For this reason 
all of our tests were run on fresh specimens of plasma. 


SENSITIVITY AND SPECIFICITY OF THE TEST 


The evaluation of the sensitivity and specificity of the test rests upon 
a comparison of reduction times obtained in cancer and other diseases with 
the appropriate normal reduction times. The distributions of normal 
reduction times obtained with the 3 groups of methylene-blue solutions 
used in this study are shown in text-figure 3. Seven of the individuals 
included in the first group and 48 of those included in the second group 
are also included in the last group. A net total of 145 individuals are 
thus represented in the total of 200 normal values. 

The selection of points differentiating between normal and abnormal 
values was based on statistical considerations presented by Dunn and 
Greenhouse (9), whereby the highest 5 percent of normal values are 
arbitrarily designated as false-positive test results. A critical reduction 
time, N;, setting off the highest 5 percent of the values from the other 
95 percent, was computed for each group of normal values from the for- 
mula N;=m-+1.645s, where m is the mean of the group of normal values 
and s is the standard deviation. This computed value of N; is the best 
estimate of the true value, a Gaussian, or “normal,” distribution being 
assumed. There is a probability of approximately 95 percent that the 
1.5848) 

Vn / 
where n is the number of individuals in the group under consideration. 
The computed values of N; and the approximate 95-percent confidence 
intervals for the 3 distributions of normal values are as follows: 


een 2 eee. og os kek je _. N;=10.05 minutes (9.60—10.50). 
SS SSE EE Bene em ay ere. J;= 8.40 minutes (8.10—8.70). 
en ta Oe WN Oe so occ coe cen aces N;=11.07 minutes (10.78—-11.36). 


true value lies in the interval defined by the expression Ns; +2 ( 
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DISTRIBUTION OF NORMAL VALUES ACCORDING TO SOLUTIONS USED 
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TEXtT-FIGURE 3.— Distributions of normal values according to methylene-blue solu- 
tions used. 


Any reduction time exceeding the appropriate computed value of N; 
was taken to be a positive result. Since the times were measured only to 
the nearest % minute, the lowest experimentally obtained positive re- 
sults corresponding to each of the 3 groups of solutions were 10%, 8%, 
and 11% minutes, respectively. 

The 108 normal individuals tested with solutions 4, 5, and 6 were from 
18 to 66 years of age, with a median age of approximately 28. The mean 
reduction time for the 18-28 age group was 9.46 minutes; for the 29-66 
age group, it was 9.50 minutes. The difference between these means is 
not significantly different from zero at the 5-percent level. It is con- 
cluded that the age of the subject tested did not markedly affect the test 
results, and that it probably is not necessary to have a normal control 
group with an age distribution identical to that of the group of cancer 
patients. 

The results obtained in 179 cases of neoplastic diseases prior to treat- 
ment are shown in table 3. In the 144 cases of malignant neoplasms 
studied, there were 69 positive test results, or 48 percent, which is sig- 
nificantly greater than the 23-percent positive results in the group of benign 
neoplasms. In the various groups of malignant neoplasms, the percent- 
ages of positive results ranged from 38 to 53. These were found not to 
differ significantly among themselves, assuming the true rate to be 0.48. 
Therefore, the best estimate in any category is the over-all rate of 0.48. In 
those cases with known metastases, 50 percent of the results were pos- 
itive; where there were no known metastases, 45 percent of the results 
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were positive. However, these percentages do not differ significantly. 
Individual test results and confirmed diagnoses for all patients with 
neoplastic diseases are listed in tables 6 and 7 (see Appendix). 


TaBLE 3.—Summary of results obtained in 179 cases of neoplastic diseases prior to 














treatment 

Number cases | Number positive | Percent positive 
MR ise wk cascarciatisa capensis 35 | 8 23 

Malignant: 
NN ETRE AES, 38 20 53 
ES a RES Ie eee 15 6 40 
ES on oe oe ee ae 16 6 38 
Re eae ener 15 7 47 
Carcinoma, type undetermined _------ 9 4 44 
ee We Ge... ss se eae 51 26 51 
5 ae come eee ee 144 69 48 
eS eee rears 80 40 50 
No known metastases_-—-_.........--._-- 64 29 45 














The results obtained in 167 cases of miscellaneous nonneoplastic 
diseases are shown in table 4. The over-all percentage of positive results 
was 26. The frequency of positive results in cases of hyperplasia was 
comparable to that observed in malignant processes and somewhat less in 
cases of gastrointestinal lesions. In other groups of pathologic processes, 
the percentages of positive results ranged from 7 to 34. These were 
found not to differ significantly among themselves, assuming the true rate 
to be 0.26. Therefore, the best estimate in any category is the over-all 
rate of 0.26. Individual test results and diagnoses for all patients with 
nonneoplastic diseases are listed in table 8 (see Appendix). 


TABLE 4. 





Summary of r?-ults obtained in miscellaneous nonneoplastic diseases 











Number cases | Number positive | Percent positive 

Lesions that might clinically be confused 

with cancer: 
i, EEE AT AEE 23 9 39 
Gastrointestinal lesions - - - - - SSeS 16 5 31 
Inflammation (chiefly chronic) - -----~- 20 4 20 
Other pathologic processes: 

Tuberculosis and syphilis ! _________-- 21 3 14 
Circulatory diseases. --.-......--.--- 22 6 27 
Metabolic disorders_-_-.........----- 13 3 23 
pO — ee eee 14 1 7 
MUN oe ots ee ee 38 13 34 
RS ieee ie ue Dene 167 44 26 

















o... rag the cases of tuberculosis streptomycin was being given, and in all cases of syphilis penicillin was 
2 Some of these patients may have received drug therapy. 

A direct graphic comparison of the results obtained with solutions 4, 
5, and 6, excluding results for benign neoplasms, is shown in text-figure 4, 
which represents a large portion of our experimental results. The overlap 
between the groups of normal and diseased individuals is apparent. 
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DISTRIBUTION OF TEST RESULTS 
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TEXT-FIGURE 4.—Distribution of test results obtained with methylene-blue solutions 
4, 5, and 6. 


For relatively large samples of a given population, the number of re- 
sults that would be expected to exceed the computed value of N; by any 
amount, however small, may be calculated by a statistical method. The 
prediction is based on the Gaussian distribution of test results having the 
same mean and standard deviation as the experimental results for the 
sample actually selected. The area under the theoretical distribution 
curve represents the total number of cases under consideration, and the 
portion of the area beyond the N; point represents the expected fraction 
of positive results. Because the experimentally determined reduction 
times are measured only to the nearest % minute, the predicted percent- 
age of positive results will tend to exceed the counted percentage by an 
amount depending on the time interval between the N; value and the 
next higher 4% minute, provided that the distribution of experimental 
results is symmetrical, or nearly so. 

Predicted values are compared with our experimental results in table 
5. In order to calculate the predicted values, it was necessary to consider 


TaBLe 5.—Comparison of experimentally obtained and predicted percentages of positive 











results 
Number positive Percent positive 
Number 
Cases 
Counted | Predicted | Counted | Predicted 
Malignant neoplasms---_-_-_______-__- 144 69 79 48 55 
Miscellaneous diseases_-____..___-- 167 44 56 26 34 
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separately the results obtained with each group of solutions. The predic- 
tions based on each group were then combined, having been appropriately 
weighted according to the number of results represented in each group. 


SUMMARY 


The methylene-blue reduction test of Black has been applied to plasma 
specimens obtained from normal individuals and individuals having var- 
ious neoplastic and nonneoplastic diseases. One hundred forty-five 
normal individuals, ranging in age from 18 to 66 years, were tested. The 
distribution of reduction times for the younger half of this group did not 
differ significantly from the distribution of values for the older half. A re- 
duction time equal to, or exceeding, any one of the highest 5 percent of the 
normal values was considered to be abnormal. One hundred forty- 
four individuals with malignant neoplasms and 35 individuals with benign 
neoplasms were tested before they had received any form of treatment, so 
far as it was possible to determine. Abnormal reduction times were 
obtained in 48 percent of the group with malignant neoplasms and in 23 
percent of the group with benign neoplasms. Eighty of the individuals 
with malignant neoplasms were known to have metastases; of these, 50 
percent gave abnormal results. Of 167 individuals with miscellaneous 
nonneoplastic diseases, 26 percent gave abnormal results. 

The standard error of a single measurement was found to be approxi- 
mately 6% percent of the estimated true value of the reduction time. 

Differences between supposedly identical solutions of methylene blue 
prepared from the same lot of powdered reagent were noted, and these 
differences were taken into account in evaluating test results. 

No significant difference was observed between reduction times given 
by plasma and serum obtained from the same whole-blood specimen. 

A slight but significant decrease in reduction time was observed on 
the average in plasma specimens stored overnight in a refrigerator. 

No significant difference in reduction times was observed between 
plasma specimens obtained before, and approximately 2 hours after, 
breakfast from normal individuals. Apparently significant differences 
between plasma specimens obtained from cancer patients before and after 
breakfast were observed in several instances. 


CONCLUSION 


The results obtained in this study are in agreement with other reports 
that the plasma methylene-blue reduction technique is not a specific 
diagnostic test for malignant neoplastic diseases. Since only approx- 
imately 50 percent of the specimens obtained from patients with malig- 
nant neoplastic diseases gave abnormal results, the test does not appear 
to be suitable for screening purposes. 
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APPENDIX 


TABLE 6.—Patients with malignant neoplastic diseases 














Results in minutes ac- 
cording to solutions used 
No. Diagnosis Age | Sex 
| 12 | 3 | 45,6 
1 | Basal cell carcinoma, rectum ____________--_~- 2. Foe 8 
2 | Squamous cell carcinoma, skin___-_---------- ie 2 oe | 9 
3 | Squamous cell carcinoma, face___-_---_--_---- BR a | 104 
4 | Squamous cell carcinoma, hand__------------ 66 | M oe iexsuwe eae 
5 | Squamous cell carcinoma, lip and tonsil__.____| 66 | M |___--_- CA 
6 | Squamous cell carcinoma, tongue_--_-_--_-_-_-__-_ 2 2° eee See 7% 
7 | Squamous cell carcinoma, larynx____--_----__ 2) @ eee See 11 
EEE EE Oe 10 
9 Ot Asiecia ini ia Salida cistiegava acehaneocaae rds wean wae 2 2 Se eee 14 
10 I gilts anak dectaia eietas ea el dhadnds andes aligoh om haga acura 8) 4 ee See 10 
11 OS hc ecaeca leah ov ibaa ii ACA theater inden aaa 52 | F 7 See eee 
12 i a ll + 4 ee eee 9 
13 OT caaticd eihiaibate wi cediabaiaieaiinid ed wuaiaaaine aa 2h ee Ss See 9 
14 Tia acl iets alah patents ak tte dc boca alec i? g Ss See 12% 
15 sks ince an alah Gh ined ooakia Te aioe aaah a seal 73 | F SR CoP 
16 aff RO a eh a edie EA Rot EE a 9 
17 ST REE BR ea ae Ree RTE eS, sh fe oe 13% 
18 Wa eo ideal iS cea eeceadiamr a 2 2 See Eee 12 
19 Re atta cl iaeaiatde tee ip anid genalieal-ereitmoteraraceariomia (Ss gee See 9% 
20 OF cimceihtaasnudd is hedmnnamamn aie Pn  bivekas | as 
21 a a a aA Se Cee 9 
22 a ae 24 eS ae 9 
EEE eee . J a) See Ree 16 
24 | Bronchiogenic carcinoma- -----_--.---------- J) | See See 11 
25 ig ek Se Sy RE Seep Pane ts 2 ee See 7% 
26 pg Oe ERR See ee SEE See ft (= eee 11% 
27 RE ea a el Sea. ch: 2S ee 11 
28 5g ES EEL EOE Ae ee eee te 4s See See 10% 
29 eff OE I AEs Naor e eS, 42|M . | ae eee 
30 IORI OR eS en ee 52 | M  ) a Bee 
31 OF caanbaalpianetir'ia bun a iidainbien inact aas cence UC Ze Ss eee ee 
32 if ERE ee SES EES Ee 51 | M | ee 
33 A betas aime de nati eenedh nate iilianvaca ne mance laraadiac ee 58 | M |-.-.---- (| 
34 OT derek aie aces aaa aaa tinal asa ' 38 5 See See 11 
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TABLE 6.—Patients with malignant neoplastic diseases—Continued 





Diagnosis 





| Carcinoma, rectum and basal cell carcinoma, 





Carcinoma, cecum 
Carcinoma, colon 
cc 


ween = = = = a aw a oo a a a a a oe ee ee ee ee ee =e] 


skin 


Carcinoma, ampulla vater__...._------------ 
SS 
“cc 





Sex 





Results in minutes ac- 
cording to solutions used 
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TABLE 6.—Patients with malignant neoplastic diseases—Continued 

















Results in minutes ac- 
cording to solutions used 
Diagnosis Age | Sex 
Ra | 3 | 4, 5, 6 
NUR 6 io acnncnueencnasaeows [OSS Sg eee eee 13 
tee as a ce es ahaa genie oes ae COE Se 10% 
RE ERE SLR REE 2 2 ee See 17 
5 ee ae See aE Oe ee i) | ae See 9 
II Ns ence kieee amie aura 33 oe 14 
, PE iriccnctnnccncsateonmanio fh 2 See See 8% 
a Sasha aise olieapic aia ues code mena ie nlanes owen 35 | M |. |) Se ‘Sarees 
rr ros tle ack ep cidade aa aa gs aia ieee ea ene 8) 27 ee 13 
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TABLE 7.—Patients with benign neoplastic diseases 
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Table 8.—Patients with miscellaneous diseases 
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Table 8.—Patients with miscellaneous diseases—Continued 
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Table 8.—Patients with miscellaneous diseases—Continued 
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Hyperplasia, lymph node... ...............- 
Cerviesl lymonadenitis.....................- 
Acute suppurative lymphadenitis_-_--_______-_- 
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Duodenal ulcer 
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Amebic colitis 
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Table 8.—Patients with miscellaneous diseases—Continued 
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Prolapse, uterus, and chronic cervicitis_-__--_-_- 
Hyperplasia, endometrium _______.___.------- 
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Meningeal adhesions due to trauma 
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Cerebral hemorrhage 
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Retroperitoneal tuberculosis 
Synovial cyst, foot 
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STUDIES OF VARIOUS TESTS FOR MA- 
LIGNANT NEOPLASTIC DISEASES. II. 
THE GRUSKIN INTRADERMAL TEST !? 


LovutsE WIEGENSTEIN, M. D., and Raymonp F. Harn, 
M. D., Department of Pathology, University of Washington 
School of Medicine, Seattle, Wash. 


In 1932, Gruskin (1) reported an intradermal test for the diagnosis of 
carcinoma, using as an antigen an extract of epithelial cells from the liver, 
pancreas, or submaxillary glands of fetal calves or sheep of less than 2 
months’ gestation. Gruskin felt that a foreign protein of embryonic 
character is present in malignant cells and is also found in the circulating 
blood and fixed tissue cells. Intradermal injection of an antigen prepared 
from embryonic tissue, he stated, should result in an allergic reaction in a 
patient with carcinoma. His criterion for a positive test was the ap- 
pearance within 15 minutes of a slight area of inflammation at the site of 
injection of the antigen, with pseudopod formation at the margin. Phys- 
iological saline was first injected as a control. Gruskin performed the 
test (with 100 percent accuracy) on 29 patients on whom a definite 
diagnosis of cancer had already been made or was subsequently confirmed. 


MATERIALS AND METHODS 


In repeating this work, the original directions for the preparation of 
the antigen and the testing technique were followed in every detail. Three 
separate antigens were used: ‘‘A” was prepared from pooled embryo 
calf liver, ““B” from pooled embryo sheep liver, and “C” from pooled 
embryo sheep pancreas and submaxillary gland. The procedure was as 
follows: 

The embryos were obtained at a local abattoir. The criteria for age 
(as recommended by inspectors from the United States Bureau of Animal 
Husbandry) were a length of 6 inches, or less, and lack of hair. The liver 
antigens were then prepared in the following manner, using sterile equip- 
ment and technique throughout: 

The abdominal cavities were opened and approximately 5 gm. of liver 
from several embryos were dissected out and pooled in a Petri dish. As 
much of the capsule as possible was removed; the tissue was washed with 
sterile distilled water, cut into small pieces, and transferred to a 250 ce. 

! Received for publication September 14, 1950. 


2 This investigation was aided by grants from the National Cancer Institute, The American Cancer Society, 
and the Damon Runyon Fund. 
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bottle. Fifty cubic centimeters of sterile distilled water was added, and 
the mixture shaken vigorously for 30 minutes. Any aggregates of fibrous 
tissue were then removed as completely as possible by the use of fine 
forceps, and the mixture was placed in 50-cc. centrifuge tubes and centri- 
fuged at 3,000 r. p.m. for 5 minutes. The supernatant fluid was decanted, 
and the sediment was washed twice with approximately 20 cc. of sterile 
distilled water. After the second washing the mixture was again centri- 
fuged at 1,000 r. p. m. for 3 minutes and the supernatant fluid decanted. 
The remaining sediment was transferred to a mortar and rubbed up with 
20 times its volume of sterile N/10 NaOH, added 1 cc. at a time; the 
alkaline extract was poured into 2 50-cc. centrifuge tubes and allowed to 
stand at room temperature for 24 hours. The tubes were then centrifuged 
for 5 minutes at 1,000 r. p. m., and a measured amount of supernatant 
fluid was pipetted into an Erlenmeyer flask. The pH was adjusted to 
7.0 with N/10 HCl, using nitrazine paper as an indicator. When a pH 
of 7.0 was reached, 2 tryptose-broth tubes and a tube of sterile physiologi- 
cal saline (as a control for turbidity) were inoculated; the remaining 
solution was placed in rubber-stoppered vaccine vials and stored in the 
refrigerator. The cultures were examined at the end of 24 and 48 hours 
and showed no growth. 

To prepare antigen “C” approximately 1 gm. of pancreas and sub- 
maxillary gland was removed from several sheep embryos, using sterile 
technique; it was then placed in a Petri dish, covered with hypotonic 
saline solution, and put into a freezing chamber until partially frozen. 
The fibrous tissue and ducts were then teased away and the remaining 
epithelial tissue macerated with approximately 5 cc. of physiological 
saline, then transferred to a 50-cc. centrifuge tube and centrifuged at 
2,500 r. p. m. for 5 minutes. The supernatant fluid was poured off, and 
the sediment was placed in a 37°C. oven until the cells were rather doughy. 
Any remaining fluid was then poured off and the cells shaken up with ether. 
The ether was decanted, and the cells were allowed to stand at room 
temperature for 5 minutes. The remaining sediment was rubbed up with 
25 times its volume of N/10 NaOH and allowed to stand 24 hours at room 
temperature. The mixture was then centrifuged at 1,000 r. p. m. for 
10 minutes; a measured amount of supernatant fluid was pipetted into a 
flask and neutralized to a pH level of 7.0 with N/10 HCl, cultured, and 
bottled in the same manner as the liver antigens. 

The patients selected for testing were those who had definite evidence 
of carcinoma—either clinically outspoken, inoperable or incompletely 
resectable at the time of surgery, postoperative or postradiation recur- 
rence, or demonstrable metastases. The diagnosis in each case was 
substantiated by biopsy, surgery, or autopsy. In performing the test 
0.2 cc. of physiological saline was injected intradermally with a #27 hy- 
podermic needle into the skin of the inner aspect of the forearm, taking 15 
to 20 seconds for injection. About 3 inches below the site of the saline 
injection, 0.2 cc. of antigen was then injected with the same technique. 
At the end of a 15-minute period the test was read independently by 





STUDY OF THE GRUSKIN INTRADERMAL TEST 731 


2 observers. The distribution of the neoplasms in the patients tested 
is shown in table 1. 


TABLE 1.—Distribution of neoplasms 
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A total of 60 patients, 23 of whom had known metastases, was tested, 
with the following results: 11 showed reactions which according to Gruskin’s 
description were interpreted as being positive; 7. e., an area of inflam- 
mation with marginal pseudopods at the site of injection of the antigen; 
22 showed merely an irregular area of erythema, varying from 1.0 to 3.5 
cm. in diameter; 17 showed a regular wheal, with slight to no erythema, 
varying from 0.6 to 1.2 cm. in diameter; and 10 showed no reaction. 

In each case, the clinical status of the patient with regard to degree of 
emaciation, dehydration, jaundice, edema, and temperature elevation, as 
well as the condition of the skin at the site of injection, was evaluated at 
the time the test was performed. In all 10 patients failing to react, a 
1-2 plus dehydration or emaciation (on a 1-4 plus basis) was noted. 
No correlation was possible with the remaining patients. In every case 
the 2 independent readings were in agreement. 

Since the majority of the patients complained of marked stinging or 
burning during the injection of the antigen, the question arose as to how 
much of the swelling and erythema might be due to chemical irritation 
from the solutions used in preparing the antigenic extract rather than to a 
true allergic response. Accordingly, a second control was prepared, 
consisting of N/10 NaOH neutralized to a pH level of 7.0 with N/10 HCl, 
using nitrazine paper as an indicator, which corresponded to the procedure 
for extraction and neutralization of the antigen. It was felt that this 
solution, which was approximately 0.1 N, represented a better control 
than saline, with a normality of 0.15. Ata later date 8 of the 11 patients 
who had given a positive test were retested, using both saline and neu- 
tralized controls and all 3 antigens. The results are shown in table 2. 
Four of the patients showed no reaction with saline, but showed an 
irregular erythema without pseudopod formation with the neutralized 
control and each of the 3 antigens. Two showed irregular erythema 
without pseudopod formation at the site of all 5 injections. The re- 
maining 2 patients showed no reaction at the site of injection of either 
control, but erythema and definite pseudopod formation with 3 antigens. 
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It was felt that these 2 patients probably represented true positives. 
It is of further interest that 1 of these 2 patients gave a negative reaction 
to 2 antigens when the Hoff-Schwartz (2) intradermal test was performed 
some time later. In the first 6 patients it was concluded that the reaction 
was due to chemical irritation and did not represent a true allergic re- 
sponse. 


TABLE 2.—Results of retesting, using saline and neutralized controls 























Neutra} Result 
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sienna | Control Control 7 -" ai Giasever Caer 

| 
ET RE ae | 0 | + + + + Neg. Neg. 
EEE ee zi =< + + + Neg. Neg. 
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Colon__--- are acter: 0 | + + + | + Neg. Neg. 
PU 6rtncigcndkwawncane 0 S| £; & | 4 Neg. Neg. 
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*=Hoff-Schwartz negative 

0=No reaction 

+=—Irregular erythema; no pseudopods 

+=Irregular erythema; definite marginal pseudopods 


SUMMARY AND CONCLUSIONS 


1. The Gruskin intradermal test for carcinoma was re-evaluated and 
the original directions were followed as closely as possible. 

2. A greater number and wider variety of patients were tested in this 
series than in the original series. 

3. Of 60 patients with definitely proved carcinoma, only 2 gave definitely 
positive tests. 

4. These results are obviously at variance with those of the original 
author and are sufficiently poor to preclude any possible usefulness of the 
tests as performed in this experiment for purposes of cancer diagnosis. 
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STUDIES OF VARIOUS TESTS FOR MALIG- 
NANT NEOPLASTIC DISEASES. III. THE 
HOFF-SCHWARTZ INTRADERMAL TEST ! ? 


LovisE WiEGENSTEIN, M. D., and Raymonp F. Hain, 
M. D., Department of Pathology, University of Washington 
School of Medicine, Seattle, Wash. 


The intracutaneous injection of serum obtained from cancer patients 
who had received irradiation therapy has been reported by Hoff and 
Schwartz (1) as producing a diagnostic reaction in patients with cancer. 
Using 7 different sera taken at varying intervals from 3 patients—1 with 
carcinoma of the bladder, 1 with carcinoma of the cervix, and 1 with mel- 
anoma—26 tests were performed on 14 patients, each with a known car- 
cinoma. Of these tests, 23 were positive and 3 negative. The 3 negative 
results occurred in 2 moribund patients who had previously shown a 
positive reaction. Of 24 tests on 17 noncancer patients, 19 were reported 
negative and 5 positive. Of the 5 positive reactions 1 occurred in a pa- 
tient with an aleukemic lymphadenosis, 1 in a patient with pernicious 
anemia and 3 in a patient on whom no definite diagnosis had been estab- 
lished, although she was thought to have had “‘old adhesions of the uterine 
adnexa due to peritonitis.” The specific amount of radiation therapy 
to the donor in each case was not mentioned. The authors merely state, 
“the patients were subjected in the usual way to therapeutic irradiation; 
the sera were diagnostically useful when they were taken between 3 hours 
and 3% months after irradiation: those sera used the longest were useful 4 
months after they were obtained; normal serum was used as a control; the 
characteristic reaction was the appearance of a violet spot at the injection 
site of the test serum; and the optimum time for reading the test is 48 
hours.” 

MATERIALS AND METHODS 


In repeating the work of Hoff and Schwartz their exact procedure was 
followed as closely as was feasible. Seven different sera from 5 patients 
were used for antigens. One patient had a carcinoma of the urinary 
bladder and 4 had carcinoma of the uterine cervix. It was impossible, 
as would now be expected, to find a patient with melanoma who was 
receiving radiation therapy. The amount of radiation that had been 


1 Received for publication September 14, 1950. 
1 This investigation was aided by grants from the National Cancer Institute, The American Cancer Society, 
and the Damon Runyon Fund. 
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received by the time serum was obtained and the interval from the onset 
of therapy to the date the blood was drawn are shown in table 1. 

















TABLE 1.—Amount of radiation received and time interval involved 

Patient | Site of neoplasm | Antigen a ve oa = 
| “ . of therapy 

| | Days 
A | Bladder _ aa OO = =——- 13 
B Cervix - - i?) 7,000 r; 4,980 mg. hrs__ 33 
: 4 af | Cx II... 3,800 r; 770 mg. hrs____-_ 24 
| Cx Ila_ 4,000 r; 1,542 mg. hrs__ 64 
D | (_ as... 7,800 r; 6,070 mg. hrs_- 44 
| Cx IITa_- | 7,800 r; 6,070 mg. hrs__- 85 
E | O cciioa a. : ) |) e SS)  . ere es 6 





Under sterile conditions, 15-30 cc. of blood was withdrawn from each 
donor. The blood was centrifuged within 30 minutes at 1,500 r. p.m. for 1/2 
hour and the serum placed in 5 cc. sterile vaccine bottles and stored in the 
refrigerator. In accordance with Hoff’s directions the tests were carried 
out as follows: 0.1 cc. of normal serum was injected intracutaneously into 
the skin over the fascia lata of the thigh. A No. 27 hypodermic needle 
was used and sufficient force was exerted on the plunger of the syringe 
to produce a small, firm wheal. A similar injection of the test serum was 
made 5 cm. caudad to the control. Whenever possible, 2 test sera were 
used and injections were always made in duplicate, about 7 cm. apart, 
so that the majority of the patients had 6 injections. At the end of 48 
hours the results of the tests were read independently by 2 observers. 

A total of 98 tests was carried out on 60 patients. All patients showed 
evidence of carcinoma at the time of testing, and all diagnoses were con- 
firmed by biopsy or subsequent surgery or autopsy. Only 1 patient gave 
a positive reaction, and to 2 different test sera (fig. 1). All other tests 
were entirely negative, according to the criteria described by Hoff and 
Schwartz. In no instance was there any difference of opinion by the 2 
observers. Table 2 shows the distribution of the neoplasms in the cases 
studied. 


TABLE 2.—Distribution of neoplasms 
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Of interest is the fact that 1 other patient, clinically thought to have 
carcinoma of the cervix, gave a faintly positive reaction to 2 different test 
sera. This patient is not included in the series, however, as a later biopsy 
was negative for carcinoma. It is also of interest that the 1 patient 
who gave a positive reaction had shown a negative reaction with the 
Gruskin intradermal test for carcinoma (2). 

A control series of normal individuals and of patients with other diseases 
was not tested, as the results obtained with the cancer patients were so 
uniformly negative. 


SUMMARY AND CONCLUSIONS 


1. The Hoff-Schwartz intradermal test for carcinoma was repeated on 
a series of 60 patients with definitely proved carcinoma, following the 
orginal method as closely as possible. 

2. Of 98 tests carried out on these 60 patients, all were negative except 
for 1 patient who showed a positive reaction to 2 different antigens. 

3. These results are obviously at variance with those of the original 
author and are sufficiently poor to preclude any possible usefulness of the 
tests as performed in this experiment for purposes of cancer diagnosis. 
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PLATE 77 


FicurE 1.—Positive tests in patient with adenocarcinoma of the pancreas. The 


upper circle marks the site of injection of the control serum; the lower two, of the 
test sera. 
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PLATE 77 














STUDIES OF VARIOUS TESTS FOR MA- 
LIGNANT NEOPLASTIC DISEASES. IV. 
THE EFFECT OF ZINC ION UPON THE 
SERUM ALKALINE PHOSPHATASE AC- 
TIVITY ! 


Lester D. ELuersroox, Stuart W. Lippincott, and 
H. Davis Curpps, Clinical Trials Unit, Cancer Control 
Branch, National Cancer Institute, Bethesda, Md., and 
Department of Pathology, School of Medicine, University 
of Washington, Seattle, Wash. 


In 1946 Roche et al. (1) reported that a minute concentration of zinc 
ion usually had an inhibitory effect upon the serum alkaline phosphatase 
activity of cancer patients while it usually activated this enzyme in the 
sera of other individuals. Because of the favorable results reported by 
these authors, and because their approach differed from that utilized in 
many so-called cancer tests, it was decided to investigate this phenomenon 
under carefully controlled conditions. The purpose of the study was to 
determine whether the measurement of these effects would be of value as 
either a diagnostic or a screening test for the detection of malignant 
neoplastic disease. 

Roche et al. (1) had used a modification of the Bodansky method to 
determine the enzyme activity in the sera of 16 normal individuals, 85 
noncancer patients, and 82 cancer patients, both in the absence and 
presence of 10° M zinc sulfate. The sera of 96 percent of the noncancer 
subjects showed enzyme activation in the presence of zinc ion (mean 
approximately 25 percent; range 0-80 percent). The enzyme was in- 
hibited by zinc ion in 85 percent of the 182 sera obtained from the 82 
cancer patients (mean inhibition approximately 15 percent; range 55 
percent inhibition to 25 percent activation). 

In 1947 Roche and his associates (2) stated “‘the addition of zinc ion in 
minimal concentration (ZnSO, M/10,000) weakly activates alkaline phos- 
phomonoesterase of serum in normal and in many patbological human 
subjects, but notin cancer patients. On the contrary, in the latter cases 
a slight inhibition of the enzymatic activity is almost always observed 
following the addition of zinc ion to the serum.” They also stated that 
the serum phosphatase of cancer patients regains the property of being 
activated by zinc ion following removal of the neoplasm. The effects of 
different concentrations of zinc ion were demonstrated by the use of 


1 Received for publication September 26, 1950. 739 
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M/10,000, M/5,000, M/1,000 and M/500 concentrations in the study of 
sera of 43 noncancer subjects, 109 cancer patients studied before operation, 
and 25 cancer patients tested at least 10 days after surgery. With the 
M/10,000 concentration the sera of 80 percent of the noncancer group 
showed activation and none showed inhibition. The sera of 9 percent 
of the cancer patients showed activation and 67 percent showed inhibition. 
The scra of 94 percent of the postoperative cancer patients showed ac- 
tivation, while none showed inhibition. In general there was more in- 
hibition in each group as the concentration of zinc ion was increased. 
Just why the cancer sera showed less inhibition with M/10,000 zine ion 
than had previously been found with one-tenth as much zinc is not clear. 
It was mentioned that although Kay’s method for the determination of 
phosphatase activity had been used in some of their earlier work, the 
method of Bodansky was used in this study because incubation of the 
enzyme-substrate mixture for 3 hours at pH 9.2 was preferable to incuba- 
tion for 16 hours at pH 7.4 [actually the Bodansky procedure commonly 
employed (3) involves incubation for 1 hour at pH 8.6]. These authors 
concluded that the “possibility of applying our results to the diagnosis 
of cancer could be determined only in conjunction with histologic studies 
of the tumors whose existence appears to control to a varying extent the 
inhibition of phosphatase by very low concentrations of zinc.” 

During the course of our study 2 reports of similar studies were pub- 
lished. O. Bodansky and Blumenfeld (4) used a modification of the 
method of A. Bodansky (3) to study the effect of 10-°, 10-* and 10-* M 
ZnSO, upon the serum alkaline phosphatase activity in groups of 14 to 
25 individuals without cancer (normal and patients without malignancy) 
and in groups of 22 to 39 patients with cancer. They found no significant 
difference between the mean values for the enzyme inhibitions of the 
individuals without cancer and the patients with cancer at any of the 3 
concentrations of zine sulfate. There was no inhibition with 10° M, 
about 10 percent with 10-* M and about 50 percent with 10-* M zine 
sulfate. 

Fishman, Wayne, and Homburger (5) used Bodansky’s 1932 procedure 
(6) to study the effect of zinc ion upon the serum phosphatase activity 
of a total of 23 normal individuals and of 22 patients with advanced 
cancer. They reported, ‘‘the behavior of the cancer and noncancer 
groups was found to be similar both qualitatively and quantitatively.” 
They concluded by stating, “serum alkaline phosphatase from subjects 
with and without cancer was inhibited by zinc sulfate (110-5 M) to the 
same extent.”” Just how they arrived at these conclusions from the study 
of such small groups of individuals is not clear. A study of the individual 
results presented in their tables 1 and 2 indicates either that there are 
typographical errors, or that the control sera and the cancer sera were 
not studied with the same concentrations of zinc sulfate. Eight normal 
sera were studied by incubation for 1 hour with 1xX10~° M zinc ion, 3 
were incubated 1 hour with 4x10-* M Zn**, 12 were incubated for 3 
hours with 1<10-> M Zn** and 7 of these were also incubated for 3 
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hours with 4 10-* M Zn*+*. Six cancer sera were incubated for 1 hour with 
1<10-° M Znt**; 2 of these were also incubated for 1 hour with 
410-° M Zn**. Six other cancer sera were incubated for 3 hours with 
1x<10-* M Zn** and 3 of these, plus 5 other sera, were incubated for 3 
hours at 4X107° M zinc ion. It is interesting to note that Roche et al. 
(1) found a mean activation of about 30 percent with normal sera tested 
with 110-° M zine sulfate, Bodansky and Blumenfeld found no effect 
(normal plus noncancer patients) and Fishman et al. found a mean inhibi- 
tion of 51 percent with 8 sera incubated for 1 hour and 64 percent with 12 
sera incubated for 3 hours. 

In our work the Shinowara, Jones, and Reinhart (7) modification of the 
Bodansky (3) method was used for the estimation of phosphatase activity, 
since this method involves the incubation of enzyme (serum) and substrate 
at approximately pH 9.3, the optimum for serum alkaline phosphatase 
activity. In this method the serum inorganic phosphorus concentration 
is determined both before and after incubation with a buffered sodium 
beta glycerophosphate substrate. The activity of the enzyme is esti- 
mated from the amount of phosphorus liberated during incubation for 1 
hour. The increase in inorganic phosphorus concentration (in mg. per 100 
ml. of serum) is expressed as units of phosphatase activity. The sensitiv- 
ity and specificity of the zinc ion effect were studied by determining the 
alkaline phosphatase activity of the fresh fasting serum of normal individ- 
uals, of patients with benign and malignant neoplastic diseases, and of 
patients with other miscellaneous diseases by incubation of the serum and 
substrate in the absence of added zinc ion and in the presence of zinc ion at 
concentrations of 10-> Mand 10-* M. In addition, studies were made of 
the reproducibility of the results obtained, of the possibility of using 
fasting and postprandial specimens interchangeably, and of the effect of 
refrigeration of the sera before testing. The effect of the pH of incuba- 
tion was also studied by making some determinations at the lower pH 
of about 8.6-8.8 used by Bodansky and at a still lower pH of approx- 
imately 8.3. 


SELECTION OF SUBJECTS FOR TESTING 


Previously established criteria and methods for the selection of subjects 
and collection of blood specimens, set forth in the first paper of this 
series (8), were adhered to in the present work: all patients with neoplastic 
diseases were tested prior to treatment, and the diagnoses were confirmed 
by microscopic examination of tissues obtained at biopsy, operation, or 
autopsy. None of these patients had received a blood transfusion within 
1 week prior to testing. 

One hundred and thirty-one normal individuals, ranging in age from 18 
to 66 years, were used as a control group. The patients with neoplastic 
diseases included 29 with benign and 92 with malignant lesions. Careful 
review of the clinical and laboratory records of each individual with 
malignant disease indicated that 51 had metastases. One hundred and 
thirty patients with miscellaneous nonneoplastic diseases were tested for 
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comparison with the other groups. Every individual tested had fasted 
overnight before the blood specimen was taken. 


REPRODUCIBILITY 


The precision of the method used is probably not as great as might be 
expected for several reasons. A micro technique was used throughout 
(0.200-ml. specimen of serum for each part of the test) in order to conserve 
serum for other tests. The determination of the phosphatase activity 
consists of two parts (the estimation of serum inorganic phosphorus both 
before and after incubation with substrate) each of which is subject to 
error. The effect of each concentration of zinc was measured by still 
another test, which again was subject to error. An estimate of the usual 
reproducibility of the tests is afforded by a series of 57 tests of 22 cancer 
sera performed by a total of 5 technicians. The inorganic phosphorus 
concentrations of the sera ranged from 2.7 to 11.3 mg. per 100 ml. and 
the phosphatase activities ranged from 2.3 to 16.9 units per 100 ml. The 
coefficients of variation for the 2 determinations were 5.6 percent and 6.7 
percent, respectively. 


FASTING VERSUS POSTPRANDIAL SPECIMENS 


The possibility of using postprandial blood specimens instead of fasting 
specimens was studied by simultaneously testing the fasting serum and 
that obtained 2 hours after breakfast from 2 normal individuals and 22 
cancer patients. The average postprandial serum inorganic phosphorus 
concentration was 5.2 percent (0.225 mg. per 100 ml.) less than the 
corresponding fasting value. This difference was significant at the 
5-percent level. The average postprandial phosphatase activity was 3.1 
percent (0.229 unit per 100 ml.) greater than the corresponding fasting 
value, although this difference was not significant at the 5-percent level. 
The enzyme activity of the postprandial specimens was inhibited 5.9 
percent in the presence of 10~° M zinc ion, while the inhibition was 2.0 
percent for fasting sera. This difference in inbibitions was significant 
at the 5-percent level. In the presence of 10~* M zinc ion the average 
inhibition with postprandial sera was 35.7 percent, while that found with 
fasting sera was 25.1 percent. This difference was barely significant at the 
5-percent level. Because of these observed differences all routine tests 
were made upon fasting serum. 


REFRIGERATION 


The possibility of testing sera after storage in the refrigerator was 
studied by testing 1 normal serum and 27 specimens obtained from cancer 
patients both on the day the specimen was obtained and again after 
refrigeration for 24 hours. The latter values differed from the original 
average values as follows: the inorganic phosphorus concentration was 3.2 
percent greater (0.143 mg. per 100 ml.). This difference was significant 
at the 1-percent level. The phosphatase activity was 1.9 percent greater, 
the inhibition by 10-° M zinc ion was 2.5 percent less, and the inhibition 
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by 10-* M zinc ion was 2.9 percent greater. None of these last 3 differ- 
ences were significant at the 5-percent level. In spite of this fact it was 
decided to include in this report only the results obtained by use of fresh 
specimens obtained from individuals in the fasting state. 


SENSITIVITY AND SPECIFICITY OF TEST 


The results obtained for the serum inorganic phosphorus concentration, 
the alkaline phosphatase activity and the percentage activation or inhibi- 
tion by 10-5 M and 10-~* M zinc sulfate are shown in text-figures 1-4. It 
can be seen that the serum inorganic phosphorus concentrations of the 
three groups of patients did not differ markedly from normal. The 
alkaline phosphatase activity, however, tended to be slightly increased 
in some of the patients with miscellaneous nonneoplastic diseases, and to a 
somewhat greater degree in a considerable number of the individuals with 
malignant neoplasms. Thirty-five percent of the individuals with 
miscellaneous diseases had serum alkaline phosphatase values exceeding 
95 percent of the normal values (this 95 percent point, N;, is calculated as 
the mean value plus 1.645 standard deviations). Further study of these 
values made by grouping the miscellaneous diseases into several types 
of pathologic processes (table 1) showed abnormalities of from 25 to 50 
percent except in the group with hyperplasia, in which 16 percent were 
abnormal. These percentages were not found to differ significantly 
among themselves, assuming the true percentage in each group to be the 
over-all percentage of 35. In these particular groups abnormal values 
do not appear to be of diagnostic aid. Forty-five percent of the cancer 
patients had serum alkaline phosphatase values exceeding 95 percent of 
the normal values. Further study of these results was made by classifying 
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TExtT-FIGURE 3.—Effects of 10-5 molar zinc sulfate upon serum alkaline phosphatase 
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TEXT-FIGURE 4.—Effects of 10-* molar zine sulfate upon serum alkaline phosphatase 
activity. 


TABLE 1.—Summary of results obtained in miscellaneous diseases 





Serum alkaline phosphatase 

















Lesions that might clinically be con- 
fused with cancer: 

Doce as Sinden 
Gastrointestinal lesions - _-- --_---- 
Inflammation (chronic) - - - -- ----- 

Other pathologic processes: 
Tuberculosis and syphilis --- - - - -- - 
Circulatory diseases-_--_---_--_------ 
Metabolic disorders-_-_------------ 
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the patients into histogenetic types of malignant neoplastic diseases, 
and according to presence or absence of metastases (table 2). In the 
groups with carcinomas of undetermined origin and with bronchiogenic 
carcinomas 83 and 78 percent of the results were abnormal while, in 
contrast, in the group with breast carcinomas only 8 percent were ab- 
normal. The percentages of abnormal results found in the six groups 
differ significantly (at the 1-percent level) from the over-all percentage 
of 45, and therefore each group is governed by its own rate. It should be 
noted, however, that because of the small number of cases in each group 
the observed percentages are subject to large sampling errors. The 
cases with metastases showed a definitely higher percentage of abnormal 
values than those without known metastases, the results being 55 and 32 
percent, respectively. In the group with benign neoplasms 7-percent 
abnormal values were noted. These results indicate that the phosphatase 
values may be elevated in a number of miscellaneous diseases, and in some 
types of malignant neoplastic diseases; but these abnormalities are of no 
apparent diagnostic value in the latter group. 


TABLE 2—Summary of results obtained in neoplastic diseases prior to treatment 





Serum alkaline phosphatase 
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The effect of 10-* M zinc sulfate during the incubation period was far 
different from that reported by Roche et al. (1). Instead of finding an 
activation of normal serum phosphatase the mean inhibition in the 122 
normal sera studied was 3.62 percent, and 95 percent of the inhibitions 
were less than 19 percent (5 percent were 19 percent or over). The mean 
inhibition of the 91 cancer sera was 5.50 percent, and 7 percent were 19 
percent or over. The mean inhibition of the 28 benign-neoplasm sera was 
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3.11 percent, and no inhibitions were 19 percent or over. The mean in- 
hibition of the 127 miscellaneous-disease sera was 3.68 percent, and 2 
percent were 19 percent or over. With this concentration of zinc sulfate, 
there were no significant differences detected between phosphatase 
activity in normal serum and that in malignancy serum, based upon 
comparisons of mean values, variation between individuals and the 
percentages detected as positive. In the group of miscellaneous diseases 
separated into processes and in the group of malignant neoplasms divided 
on a basis of histogenesis, no notable increase in inhibition was found in 
any category (tables 1 and 2). 

The effect of 10-* M zine sulfate during the incubation period was 
definitely inhibitory to enzyme activity in all groups studied. The mean 
inhibition in the 131 normal sera studied was 27.9 percent, and 95 percent 
of the inhibitions were less than 44 percent (5 percent were 44 percent or 
over). The mean inhibition of the 90 cancer sera was 35.7 percent, and 
21 percent were 44 percent or over. The mean inhibition of the 29 
benign-neoplasm sera was 29.5 percent, and 7 percent were 44 percent or 
over. The mean inhibition of the 128 miscellaneous disease sera was 
35.6 percent, and 18 percent were 44 percent or over. In general, with 
this concentration of zinc sulfate there was a significant difference between 
normal serum and malignancy serum. The greater variance of the cancer 
values and the greater mean inhibition were both significant at the 5- 
percent level. The difference between the 21 percent of abnormal values 
in the cancer group and the 5 percent in the normal group was significant 
at the 1-percent level. Table 1 shows that in the miscellaneous diseases 
the greatest number of abnormal results was 38 percent, found in the 
small group with metabolic disorders, while 1 group with gastrointestinal 
lesions showed no abnormal results. In the group with hyperplasia only 
5 percent abnormal results were found. Table 2 shows that abnormal 
results in groups of malignant diseases ranged from no abnormal values 
in carcinomas of the breast, of the prostate, and of the undetermined type, 
to 32 percent abnormalities in gastrointestinal carcinomas. However, 
for both the miscellaneous and the malignant diseases, the abnormal 
percentages in the various groups did not differ significantly from their 
over-all percentages, 18 and 21, respectively. The group with metastases 
showed a significantly higher percentage of abnormal values than those 
without known metastases, the results being 31 and 10 percent, respec- 
tively. Individual test results and diagnoses for all patients are listed in 
tables 5, 6, and 7 (see Appendix). 


DISCUSSION 


Just why our results differ from those of Roche is not known. It is 
possible that our group of cases of malignancy differs from his groups of 
patients, but that still does not explain why 10-° M zinc activated the 
enzyme in less than half of our normal sera. It was thought that perhaps 
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the reason was the difference between his particular modification of the 
Bodansky method and the Shinowara, Jones, and Reinhart modification 
used by us. Roche et al. (2) stated that they used Bodansky’s method 
(no reference) which involves incubation of serum and substrate for 3 
hours at pH 9.2. Bodansky published several modifications of his 
original test but the procedure most widely used is probably that published 
in the Journal of Biological Chemistry, 101: 93-104 (1933). In that 
method the buffered substrate was a mixture of sodium beta glycerophos- 
phate and sodium barbital. The pH was said to be 8.6+ 0.15 after the 
serum (itself a buffer) was added. In the recent paper of Bodansky and 
Blumenfeld (4) it is stated that in the 1933 procedure the usual pH of the 
mixture of serum and unadjusted buffered substrate is about 8.75 + 0.05. 
They noted that the addition of zinc sulfate to give the desired concen- 
tration caused a decrease in pH, and consequently they adjusted the pH to 
8.75 in each determination in which zinc sulfate was present. Several 
textbooks in describing Bodansky’s method advise the adjustment of the 
pH of the buffered substrate to 8.6 before addition of the serum—the final 
pH presumably would be lower. 

The exact pH of incubation is of importance in the measurement of 
serum alkaline phosphatase activity, and definitely higher values are 
obtained at the optimum pH of approximately 9.2 used by us. It was 
considered possible, however, that the use of a lower pH might enable us 
to duplicate Roche’s results, although he specifically stated that he in- 
cubated at pH 9.2. For this reason a number of sera were examined 
both in the presence and absence of zinc under our usual conditions 
(incubation pH 9.2—9.3), under the conditions outlined by Bodansky in 
1933 (unadjusted buffer, final pH 8.6 + 0.15), and under the conditions 
listed in several textbooks in which the buffered substrate is first adjusted 
to pH 8.6, and the final pH of incubation at 37° C. is approximately 8.3. 

The effects of zinc ion and of serum upon the pH of the three substrates 
are shown in table 3. Also demonstrated are the effects of temperature 
and the effect of zinc ion when added to the serum-buffered substrate 


TABLE 3.—Effect of serum and of zinc sulfate upon the pH of buffered substrates 

















pH at room temperature 
Sunetentes...........-. . ee Se ae oN 10. 55 9. 60 8. 65 
Substrates-+10-* M 7nSO0,..............--.-... 9. 25 9. 02 8. 58 
Substrates + 10-4 M ZnSO,_-____-___--_------- 8. 70 8. 98 8. 57 
Substrates+ serum (cancer and normal)-_----_-_-_-_- 19. 50 29.10 18. 60 
pH at 37° C. 
Substrates+serum (cancer and normal)__-_----_- 9. 20 8. 80 8. 30 
Substrates+serum+ 10-5 M ZnSQ,____________- 8. 85 8. 60 8. 23 
Substrates+serum+ 10-4 M ZnSQ,___________-_- 8. 84 8. 58 8. 16 





111 and 8 sera. 
22 and 4 sera. 


yee 
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mixtures. It can be seen that the addition of the smaller amount of zinc 
decreased the pH values of the substrates themselves (least effect at pH 
8.6) and that additional zinc sulfate caused a further appreciable pH drop 
only with the pH 10.6 substrate. The same tendencies were noted upon 
the addition of zinc sulfate to serum-substrate mixtures although the pH 
changes were smaller. The 37° C. pH values of the two zinc-serum- 
substrate mixtures were nearly identical in each case. Consequently it 
appears that the decrease in phosphatase activities upon increasing the 
concentrations of zinc from 10-° M to 10 M is not due to differences in 
pH. 

Since Bodansky and Blumenfeld had found no significant differences 
between the sera of cancer patients and those of other individuals when 
tested at pH 8.75, we performed simultaneous tests upon normal, cancer, 
and miscellaneous-disease sera by incubation at our usual pH of 9.2 and 
at pH 8.2. Twenty-three normal sera were studied, the mean values and 
standard deviations were determined and the 95th percentile points were 
calculated. The percentages of results beyond these points (greater than 
95 percent of the normal values) obtained in tests of sera from 48 cancer 
patients and from 20 patients with miscellaneous diseases are shown 
in table 4. 


TABLE 4.—Comparison of average results obtained by incubation at pH 9.2 and 

















at 8.2 
Normal Cancer Miscellaneous 
pH 9.2|pH 8.2 pH 9.2 pH 8.2 pH 9.2 pH 8.2 
Number of sera__.......-----] 23] 23 48 47 20; 20 
Alkaline phosphatase units | 4.3/1.8 8.0 3. 5 5.3] 2.1 
per 100 ml. 

Percent ‘‘abnormal”’: 
10-5 M zinc ion____-____- 5. 0 | 5.0} Sa=10%| %7=11% 46o=5% 0 
10-* M zinc ion__--___--- 5. 0 | 5. 0| %s=17% %2=11% %o=10% 0 




















It is apparent that although the enzyme activities (and the percentages 
of inhibition) were decreased at the lower pH value, the percentages of 
abnormal results found at pH 8.2 did not differ markedly from those found 
at pH 9.2. 


SUMMARY AND CONCLUSIONS 


1. The effect of 10-5 M and 10~* M zinc sulfate upon the serum alkaline 
phosphatase activity as measured by the method of Shinowara, Jones, 
and Reinhart was studied in fresh sera of 382 fasting individuals. The 
groups included 131 normal individuals, 130 patients with various mis- 
cellaneous diseases, 29 patients with benign neoplasms, and 92 patients 
with malignant neoplasms of which 51 had metastasized. The 2 groups 
with neoplasms were tested before treatment. Serum alkaline phosphatase 
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values exceeding 95 percent of normal values were found in 35, 7, and 45 
percent of these groups of patients. 

2. The presence of 10-° M zine sulfate lowered the average pH of the 
incubation mixtures by 0.35 unit but the mean enzyme activities in the 
4 groups of individuals were decreased by only 2-6 percent. This is in 
contrast to Roche’s reported inhibition in cancer sera and activation in 
other sera. 

3. The presence of 10~* M zine sulfate caused no further change in the 
pH values but the mean inhibitions in the 4 groups were 28, 36, 29, and 
36 percent, respectively. Twenty-one percent of the cancer inhibitions 
and 18 percent of the miscellaneous-disease inhibitions were greater than 
95 percent of the normal findings. This is in contrast to Roche’s findings. 

4. The percentages of abnormal inhibitions in cancer sera were rather 
similar in tests involving incubation at pH 9.2 and at pH 8.2. 

5. The change of enzyme activity in the presence of 10-' M and 10 
M zine sulfate is not sufficiently sensitive or specific for diagnostic or 
screening purposes in the detection of cancer. 
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No. 


CONIA t+ Whe 


Diagnosis 











Intraductal hyperplasia of breast-- ---- 
Onteltie deformans.............-...-.-.. 
Fracture, humerus.............---.-- 

Fracture, femur-_-_-_-_---_- 


Fracture, tibia and ulna_--_ 
Fracture, metatarsals- -----_ 
Dislocation, cervical spine - - 
Diaphragmatic hernia_--_- - -- 
Bronchiectasis - ~~ _.----_- 
“ 

Chronic bronchitis - - __-_- -- 
I ea 
Bronchopneumonia- - - -- -- 
i 
ee 


Hypertensive cardiovascular disease 

end. Guodenal wiser................ 

Hypertensive cardiovascular disease 

and morphine addiction _-_---------- 

Hypertensive cardiovascular disease --- 
ce 








SIZES SAS e ee | 








Serum 
inorgan- 
ic phos- 
phorus 
mg. per 
100 ml. 











Serum alkaline 
phosphatase 
Percent activa- 
tion (+) or inhibi- 
Units | tion (—) by zine 
per 
100 ml. M M 
100,000 | 10,000 
3. 8 8— | 42— 
5.0 2+ | 42— 
5. 0 8— | 38— 
7.4 3+ 46— 
2.8 3— | 25— 
3.3 | 12— | 36— 
3. 4 0 35— 
3. 8 1— | 48— 
3. 5 3— | 26— 
2.0 | 13— | 32— 
2.9 9+ | 35— 
4.1 5— | 24— 
2.9 | 15— | 19— 
11.2 0 40— 
5. 6 5+ | 36— 
5.8 5— | 36— 
6. 5 0 46— 
4.5 9+ | 20— 
6. 0 5— | 40— 
4.5 2+ | 47— 
6.5 5— | 40— 
6. 4 2+ 41— 
2. 6 8+ | 38— 
4.4 | ee 
4.0 3+ | 48— 
3. 6 5— | 39— 
3. 3 0 60— 
5. 0 0 32— 
5.1 | 10— | 49— 
6. 4 0 31— 
4.5 | 18— | 33— 
3.2 | 22— | 28— 
4.8 8— | 25-— 
5.2 | 15— | 40— 
4.8 6— | 35— 
4.7 0 32— 
5.7 3— | 42— 
3. 2 3— | 53— 
3.5 | 1l— | 37— 
4.0 | 12+ | 45— 
3. 4 3— | 56— 
| 36— 
§. 1 4— | 36— 
5. 2 6— | 31-— 
5. 8 5— | 40— 
5. 0 2— | 30— 
14. 4 8— | 53-— 
6.8 6— | 40— 
6.0 2— | 22— 
5. 4 8— | 13— 
3.8 | ll— | 42— 
2.5 | 12— | 40— 
4.4 0 39— 
6.7 0 35— 
1.1 S sega 








COOIOO ND OGD N99 £0 G0 G0 He G0 00 He 00 He 00 0 9 HH 00 He 00 pt He He 00 He He 00 00 00 Hh He G0 £0 BO BY G0 £0 G0 £0 $0 $0 $0 G0 GO 
MOCO R THD NY TOK URDTVONWDORP RH RARWOWUMOOWHWONODUGDONNNOWUNTEONO®H 









JOURNAL OF THE NATIONAL CANCER INSTITUTE 


TABLE 5.—Patients with miscellaneous diseases—Continued 




















No. 





Diagnosis 


Coronary thrombosis____- 
Internal hemorrhoids - - _ 
Pernicious anemia 


Hyperplasia, lymph node___-- - - 

Acute suppurative ly mphadenitis_- 
Chronic tonsiliitie................. a2 
Gastric ulcer__-_------ 
Chronic gastritis __ _ _- 
Duodenal ulcer 


Amebic colitis. ........---- 
Infectious hepatitis. _.___._.-.---__-- 
I I in bc oc oncicneatxccun 


dian igaonenh a caine ween 
Chronic glomerulonephritis___-_---____- 
Chronic suppurative pyelonephritis_ _ _- 
ho oe ee 
Acute pyelonephritis__- - - - - 
i Ears ae arawaaie 
Calculus, kidney 
Ene aaa 
Calculus, SE aiaiicia nr acssecasiiedeuie eae 


0 eS a ee eee 

Cystocele and rectocele__........-___- 

Rectovaginal fistula__._..._._._________~ 

Benign hypertrophy of prostate _-__-__- 
“ce 


Chronic RSE ers eee 
Atrophy, endometrium_--_-_-__________- 


Prolapse, uterus, and chronic cervicitis_ 


| Hyperplasia, endometrium__-_-_---__-__-_- 
“ce 








| 


Age 








oho hehehehehe hehehehe] 
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Serum alkaline 


phosphatase 





Units | tion (—) by zine 
per 
100 ml. M | M 


Percent activa- 
jtion (+-) or inhibi- 





100,000 10,000 


Serum 
inorgan- 
ic phos- 
phorus 
mg. per 
100 ml. 
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3 7— | 31- 
2 2— | 27- 
9 | 36— | 36— 
lli— | 63-— 
5— | 37—- 
wee 37— 
9— 34— 
4— | 41— 
3+ | 26— 
7— | 31-— 
12— | 38— 
4— | 33-— 
| 15— | 39— 
Pie = 
6+ | 24— 
15— | 37— 
1— | 38— 
9— | 48— 
3 
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TaBLeE 5.—Patients with miscellaneous diseases—Continued 







































































Serum alkaline 
phosphatase 
Serum 
activa- | imorgan- 
No. Diagnosis Age | Sex tian CE) or inhibi lg 
| Units | tion (—) by zine pares 
| |e 
100,000 |" 10,000 
115 | Adenomyosis, NN 65 oe eee ee 44 | F 2.8; 1— | 26— 3. 8 
tee eR eee ee | 48) F | 13.2) 2+ | 42— 2. 6 
117 | Retention of secundines__--__--__- | 36 | F 2.2 5+ | 36— 3. 3 
118 | Hyperthyroidiem.__................- |} 60} F | 47) 5— | 28— 3. 7 
530 | Eeeeen meeeea....- =. 5. 22... 55| F | 4.3] 11— | 33— 5. 2 
120 geen RAPES: - 74; M!] 40; 0 | 50— 4.6 
121 er iiebbeioctgheendl 36 | M | 5.2| 4—|37—-| 40 
122 ice ; RES ee |27|M| 38] 8+ | 34—-| 40 
123 WP elsasiicedicois ‘he theeiadeaiiaiaa stat 38| M| 3.1] 138+ | 45-| 3.6 
124 <r phen apa chsesaaaanaeneaeae 56|M/ 4.6] 0 | 44— 3.7 
125 ELLIE LINE, | FEMS 75 | M | 12.3 | s—isi—i SF 
126 | Meningeal adhesions due to trauma_ 38 | M| 2.8] 11+ | 14— } 4.2 
127 | Subdural hematoma. -----_.---.------ 27|M 3.0 | 10— | 33-— 2.9 
Soe | Deven Gee... . 5 = 5 17| M 83] 4— | 23— 5. 5 
129 | Retroperitoneal tuberculosis - - - -- - ~~ - - 47 | M} 11.7] 16— | 29— 4.7 
130 | Synovial cyst, foot___....--..----- 33 | M 2.5 | 5— | 27— 3. 4 
TABLE 6.—Patients with benign neoplastic diseases 
| Serum alkaline 
| phosphatase 
| Serum 
activa- | morgan- 
No. Diagnosis Age | Sex RY5-4 — 
Units tion (—) by zine ion oar 
| 100 ml. | M 100 ml. 
| 100,000 | sto 
—_— —— ——— | --—— | ——-—— | 
| | | | | "9 
QQ eer |49| F | 37) 8— | 38— | 3.6 
2 a aan a | 65| M| 3.3 | 12— | 16— 3.9 
2 RN, PI ee cass comes (mi Fi; 84) T— | 3. 2 
4 | Cavernous lymphangioma, peritoneum__| 53 | F | 6.0| 84+ | 53— 4.1 
mt WII neces nae 50; Mj| 2.5; 0O 32— |; 49 
6 gf ELEC LE LEELA IDI AI 6z| F| 90| 8—|25-| 42 
7 | Giant follicular lymphoma_- ----------- | 18 | M 5.1) 0 39— 3. 8 
8 | Enchondroma, phalanx- -------------- |} 44; F| 28] 1—|33-—| 46 
9 | Osteoma, iliac bone____.___..-_--- _-.| 22} M/ 3.1) 144+ 4— | 4.3 
10 | Fibro-adenoma, breast - -------------- 28; F | 2.6; 12+ |27-—/| 33 
11 sleek bhidn dn adbnd ibe a inmates -| 28; F | 31] 2+] 28-| 39 
12 | Cystadenoma, breast. ---...--..------- 28 | F | 3.6; 3— | 23-—/| 3.9 
13 | Intraductal papilloma, breast - - --- - -_- 21; F | 35| 9—|34—]| 40 
14 geet EAR SSS EE 69| F | 4.2 1+ | 28— | 3.3 
15 Sse a Nita es i cal el Ao i a lee 73) F |] 3.1 7—|31—| 26 
16 | Papilloma, ‘larynx Le EE AIRE ae 36|M/ 2.8 | i- | 344— | 3&5 
17 | Adenoma, thyroid___._......--___--- 26; F| 44] 0 | 2-—| 31 
18 | ch RE ae ee Oe, mone tN 144) F|] 20] 2— | 27— 3. 6 
19 | Leiomyoma, uterus_-_----...--------- | 47) F 4.7 0 34— 4.4 
ee) ee Loe as ee tenpaee nee | 32| F | 2.3; 14— | 25—; 40 
ee se ee a eee 59} F | 3.6] 9— | 44— 3.9 
22 nGiswirketnniasehmdaicntind |40| F | 49] 10—|24-/| 38 
23 © euchaatdvncegeausieatacee 39| F| 23| 5+ |41-| 38 
24 Oct nimentiethnenabalagatraaiale ee Ee bees 18— 3.7 
25 (ee Te ere ert slates ene 46| F | 41] 12— | 28— 3. 1 
26 lig alia ae |}55| F | 2.9 | 6+ | 38— | 47 
27 2 ne cee MOET eeiea ee cee e- 40; F | 2.5 | 14— | 34-—)|} 43 
28 ao erat eeekuneceeauesues 4|/F} 29} 1— | 13- 4.1 
29 FO Se 153! Fl 25117—/]41-—! 3.2 
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TaBLeE 7.—Patients with malignant neoplastic diseases 
































Serum inorganic phosphorus 
mg. per 100 ml. 


oon 
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Metas- Serum alkaline 
tasis | phosphatase 

| | |.) ae 

No. Diagnosis | bs Chbition” 
| = "9 by zinc. 

4 n I 

sivela#lela ={E|alg 

| < oA i 7 > i= = 

1 | Basal cell carcinoma, rectum_-_--____| 64 | M | ae | x | 2.0) 2+/22— 
2 | Squamous cell carcinoma, face___- 771 ¥F |....| x | @2 1—21— 
3 | Squamous cell carcinoma, hand_____| 66 | M |____| x | 4. 0} 5—|35— 
4 | Squamous cell carcinoma, skin - - 61 | FP i....| x13 9} 8—|49— 
5 | Squamous cell carcinoma, skin---___| 92 | M | | x |10.9) 3+ 36— 

6 | Squamous cell carcinoma, lip and 

ESS SS a AAT 66 | M |__--| x | 3.3) 3—|27— 

7 | Squamous cell carcinoma, larynx__-| 59 | F |____| x | 3.5) 2+/28— 
8 | Squamous cell carcinoma, tongue___| 61 | M |____| x | 4.8) 9—|29— 
9 | Bronchiogenic carcinoma ------ -- - | 51) M| x |----| 9.5) 8—|24— 
10 A RT IO FS x |__| 5. 4/24—/24— 
11 POLE EEE ...--| 58] F | x |__../23. 8) 5—|61— 
12 De heck dee es ee -| 51} M| x |j_.-_| 4.5) 7—|38— 
13 as dn i gai eka es nas acer el mmaiy arian |} 48 | M x |_._.|17. 4/16—|38— 
14 0 | 55 | M |___-| x |10.0) 3—/|36— 
15 ae ----| 62 | M]| x |_---_| 4.4) 2—|50— 
16 oad 71|M{| x |----| 7.1) 6—31-| 
17 Da are Rama ea ae al a ede | 44) M x |-...|15. 1) 1—/|41— 
18 | Carcinoma, breast - - ------_--- 62] F j___-| x | 4. 6)11—|28— 
19 oer 52 |} F | x |----| 3. 2/16—|38— 
20 eS RTE nS | 59 | F x po 4.7| 6—|34— 
21 * | 54) F | x j....| 4.1) 5—|36— 
22 * . 69 | F soo-| & 3. 6} 8+ /34— 
23 Ee ee oe 73 | F | x |j_---| 5.5) 7+/47— 
24 OO cates er gcidaisee ep soca etek aa RE 61 | F Boca + 7—(|25—| 
25 ne 70 | F j..--| x |3.1)0 (|30— 
26 ese 78 | F ----| x | 4.3)19—/28— 
27 ee 49} F | x |---| 2.8]11—\22-| 
28 eo 44| F | x |----| 2.3]18—/32—| 
29 fie 68 | F | x |----| 3.2)11+/10—| 
30 | Squamous cell carcinoma, esophagus | 50 | M |__--| x | 3.2} 0 |41— 
31 ELLER LEME IN ARE 741M |_---| x | 2. 4/13—/42— 
32 | Carcinoma, stomach-_-_---_-------- 76 | M| x j----{|10. 0}___-|26—| 
33 ee aeree 57 | M j-_---| x | 2.2} 5+/82—| 
34 ene 74 | F |---| x | 5.6) 5—|44—-| 
35 re — 79 | M]| x |_---| 7. 1/18—|37—| 
36 | Carcinoma, duodenum--_-----_---- 69 | M]| x |j_---| 1. 9)16—|63—| 
37 | Carcinoma, colon.....----------- | 61| F |---| x | 4.1] 5—|32-| 
38 OF eb baeeipnalbhebeeeeaemeell 39 | F |} x |----| 2.7) 14+\17— 
39 GPCRS | 49] M|{___-| x | 5. 0/14—|32—| 
40 © een | 83 | M |-_-- x | 5.9)12—|51-| 
41 F caus 67 | M| x |----| 6. 9/23—|36—| 
42 _ danncecasensesl LM) S&L...) 26 6—Ee— 
43 | Carcinoma, cecum-___------___-__- 41|M]| x |__- | 5.8) 0 |35—| 
44 | Carcinoma, rectum, and basal-cell | | | 
carcinoma, skin...............--| 73 | M| x ___|10.3 3—|32— 

45 | Carcinoma, rectum - - -- 62 | M| x |----| 3.8) 3—|60— 
46 a ea areata , 81 | F ----| x | 5.1) 4+/39— 
47 © we 67 | M |----| x | 3.9} 5+/23— 
48 © oe |76| M]| x |----| 4. 4|10—|46—| 
49 OA 70 | F |- x | 3.2) 6+/19— 
50 ae : 83 | M/| x |-_---| 9.0) 7—|64—| 
51 nn RE aber 70|M| x |-_---| 6.9} 5—|29-| 
52 OF os sadaaivaaheuiuncenie een 72 | M |_---| x | 7.3/21—|22—| 
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Diagnosis 








Carcinoma, 
“ce 


Mucoepidermoid carcinoma, parotid 
Carcinoma, submaxillary gland 
Carcinoma, thyroid -.........---- 
Metastatic carcinoma, type unde- 
DE ow uudoasmacoseaiaudnad 

“ 


ia 


ie 
“c 
“ 


Sarcoma, breast.................. 


| Heogenwm & @ieeeee.................. 
| Multiple myeloma__-________-___-- 


Fibrosarcoma, retroperitoneal - -_ _-- 





| 78 
| 73 
| 61 





























Metas- Serum alkaline 

tasis phosphatase 
Percent 

s activation 

E (+) or in- 

= |, hibition 
= \(—) by zinc. 
, 8 oe pee 

2 2 |5/8 {8 
$/2/2/5 ||" 
M .---|17. 5} 7—|53— 
F j_---| x | 4.5)11+/24— 

i... x | 2.9) 7—|22 
M S hecwel a 5)10— 35— 
F |.---| x | 3.3) 4+|20— 
M x |----| 5. 2)183—|49— 
M | x |j----|49. 0}12—|40— 
| 2 x |21.8) 3—|35— 
F j_---| x | 8 3)13—|27— 
F ---| x |16. 2}11—/42— 
F |_---| x | 45) 7—|29— 
F x |.---| 4. 5/20—/40— 
F x |_---| 4.0} 8+/47— 
F j___-| x | 4.0) 7—|29— 
F j_--.| x | 5.440 |40— 
F oval @ 4.2) 8—|14— 
M x |---| 7. 1) 1+/44— 
M x |---| 3. 2)12—|44— 
M |-_---| x | 3.6) 8—/24— 
M }j-_---| x {10.2} 3—|31— 
M j----| x | 5.2) 1—|36— 
M |j-_---| x | 5.0) 4—|36— 
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F x |_---| 5.7) 6+/27— 
M | x |j-_---}13. 1} 5+/40— 
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M x |__..|14. 6} 5—|29— 
F x _--|12. 7|16—|46— 
F x |-.-.| 4 8) 2—|62— 
F x |_---| 6. 5)10—|39— 
M| x I---- 4.4 2+|.-.. 
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STUDIES OF VARIOUS TESTS FOR MaA- 
LIGNANT NEOPLASTIC DISEASES. V. 
THE HEAT “COAGULATION” OF PLASMA! 


Nits Eriksen, Lester D. ELLERBROOK, Epwarp C. 
MEEK, and Stuart W. Lippincott, Clinical Trials Unit, 
Cancer Control Branch, National Cancer Institute, Bethesda, 
Md., and Department of Pathology, School of Medicine, 
University of Washington, Seattle, Wash. 


INTRODUCTION 


This is one of a series of papers (1-4) reporting the results obtained in 
studies of certain tests proposed by other authors as useful aids in the 
diagnosis of malignant neoplastic diseases. These studies are being 
carried out in order to determine the sensitivity and specificity of each 
test and to assess its practical usefulness in the detection of cancer. In 
addition, studies are being made of certain technical factors that may be 
of importance in the routine use of a given test and in the interpretation 
of the observed results. 

An inexpensive test technically simple enough to meet the needs of a 
mass screening program was reported by Black, Kleiner, and Bolker (4) in 
1948. They observed that plasma from cancer patients tended to undergo 
heat “coagulation”? more readily than plasma from normal individuals. 
Fibrinogen appeared to be a necessary factor in the reaction, because 
serum failed to show any increase in turbidity under the experimental 
heating conditions. Sixty-two percent of a series of 136 cancer cases 
were found to have plasma-coagulation values exceeding all but ap- 
proximately 2 percent of those of 434 normal individuals. Fourteen 
percent of 77 cases of nonneoplastic diseases had elevated coagulation 
values. Elevations were found most frequently in active tuberculosis, 
rheumatic heart disease, and in late pregnancy. Thirteen percent of 15 
cases of benign neoplasms showed abnormal values. 

In another series of 473 cases of malignant neoplasms, Black and Speer 
(6) found 66 percent abnormal plasma-coagulation values. In 558 cases 
of nonneoplastic diseases, not including tuberculosis, rheumatic fever. 
or cirrhosis, only 9 percent abnormal values were observed. In 116 
cases of nonmalignant neoplasms only 8 percent abnormal values were ob- 


served. These are apparently the same series of cases reported elsewhere 
by Black (7). 


1 Received for publication September 26, 1950, 
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Recently Kleiner, with Stettner and others (8), reported finding ab- 
normal coagulation values in 80 percent of 72 cases of malignant diseases. 
In a series of 239 cases of nonmalignant diseases, approximately 10 percent 
of the coagulation values were found to be abnormal. Abnormal values 
were observed most frequently in cases of pregnancy, pulmonary tubercu- 
losis, acute rheumatic fever, and quantitative disturbances of the blood 
proteins. Those cases with known plasma-protein abnormalities were 
excluded from consideration because it was felt that the results of the 
test in these subjects should be corrected for the concentration of protein 
present. No apparent consideration was given to abnormalities in plasma- 
protein concentrations occurring in patients with cancer. 

The methods used and the results obtained in our study of the plasma- 
coagulation test are presented in the sections that follow. 


SELECTION OF SUBJECTS FOR TESTING 


Previously established criteria and methods for the selection of subjects 
and collection of blood specimens, set forth in the first paper of this 
series (1), were adhered to in the present work: all patients with neoplastic 
diseases were tested prior to treatment, and the diagnoses were confirmed 
by microscopic examination of tissues obtained at biopsy, operation, or 
autopsy. None of these patients had received a blood transfusion within 
1 week prior to testing. 

One hundred twenty-five normal individuals, ranging in age from 
18 to 66 years, were used asa control group. The patients with neoplastic 
diseases included 54 with benign and 137 with malignant lesions. Careful 
review of the clinical and laboratory records of each individual with 
malignant disease indicated that 60 had metastases. One hundred 
forty-four patients with miscellaneous nonneoplastic diseases were tested 
for comparison with the other groups. Every individual tested had 
fasted overnight before the blood specimen was taken. 

TECHNIQUE OF TEST 

The experimental procedure of Black et al. (5) consists of the following 
steps: a) Measure 1 ml. of plasma (taken from a patient in a fasting state) 
into a Klett colorimeter tube and dilute to the 5-ml. mark with distilled 
water; b) take a reading of the light transmission in a Klett photoelectric 
colorimeter provided with a green filter (No. 54); c) immerse the tube at 
least as far as the 10-ml. mark in a vigorously boiling water bath for just 
10 seconds, cool in running tap water, dry, and take a second reading of 
the light transmission. The difference between the first and second 
colorimeter readings is taken as the measure of heat coagulation or 
turbidity. The same technique was used by Stettner et al. (8) except 
that they specified immediate cooling of the tube for 30 seconds under 
cold running water. 

In this work Black’s technique was followed in all essential details, 
with especial care having been taken to cool the heated tubes immediately 
in cold running tap water, since a delay in cooling was shown to give 
higher and more variable results. Turbidity measurements were made 
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with a Coleman Junior spectrophotometer instead of a Klett photo- 
electric colorimeter, but this change, as Black points out, should not alter 
the qualitative nature of the coagulation-value distributions, although in 
general a different scale of numerical results may be expected. The 
heating of the diluted plasma was done in ungraduated Klett colorimeter 
tubes. One ml. of plasma? (fresh, fasting specimen) was measured from a 
volumetric pipette into the tube. Four milliliters of distilled water was 
added from a volumetric pipette. The liquids were mixed thoroughly, 
but without vigorous agitation. A portion of the mixture was then 
poured into a 10 by 75 mm. cuvette, and the apparent optical density was 
measured in the Coleman Junior spectrophotometer at \=540 mu. The 
portion was returned to the Klett tube, which was then immersed almost 
to its full length in a boiling water bath for 10 seconds, the time interval 
being measured with a stop watch. The tube was cooled immediately 
in cold tap water and rotated at the same time in order to mix its contents. 
The cuvette used for the initial density measurement was rinsed with a 
small portion of the mixture, and was then filled with a second portion. 
The apparent optical density was measured as before. The difference 
between the initial and final readings was recorded as the coagulation, or 
turbidity, value. 
REPRODUCIBILITY OF RESULTS 


The experimental error attached to a single plasma-coagulation value 
was estimated from a series of duplicate and replicate determinations on 
plasma specimens having a wide range of values. The results are shown 
in table 1. It is seen that the coefficient of variation, defined as the ratio 
of the standard error of measurement of a group of values to the mean 
coagulation value, decreases as the mean coagulation value increases, 
The combined data yield an average coefficient of variation of 7.3 percent, 
which means that there is a probability of 0.68 that a single result will be 
within approximately 7 percent of the true coagulation value, or, a prob- 
ability of 0.95 that a single result will be within approximately 15 percent 
of the true value. This average estimate of error would of course be most 
reliable for coagulation values in the vicinity of the over-all mean, 0.048, 
of the values used in these computations. 


TABLE 1.—Reproducibility of results 























, =m off : Estimated | Coefficient 
o | ber |* : Es d yaria- 
Mean coagulation value (z) | Range of values | Number ‘oer vee = ede | 
mens | specimen | 1) tion (s) | (percent) 
SE 0. 007-0.030 | 12 2| 4.92 |0. 00222 9.9 
=e | .028— . 052 17 2 9.47 | . 00308 8. 4 
| ae: | .040— . 050 1 9 9.11 | . 00302 6. 6 
I cone cpacacagen |: 043-1053} 1 9 | 9.75 | | 00312 6.5 
> See eeee se | .051- .071 8 | 2 14. 81 | . 00385 6. 4 
2] Senet | .073— . 089 3 i 10} 18.46 | . 00429 5. 4 
eee | .072-— .116 7 | 2; 24.79 | .00498 5. 5 
| ee | . 098- . 107 1 | 4| 1825 | . 00427 4.2 
Over-all: 0. 048_____..-- | .007— . 116 48 eae eee | 12.28 | . 0035 7.3 
| 








2 Twenty milligrams of potassium oxalate per 10 ml. of blood was used to prevent clotting. 
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FRESH VERSUS REFRIGERATED SPECIMENS 


Black et al. (5) recommended that the determination of the plasma- 
coagulation value be carried out on the day the sample is drawn because 
of their observation that the value falls as the plasma stands in the 
refrigerator for several days. Later Black (7), and also Stettner and 
associates (8), implied that a refrigeration period not exceeding 24 hours 
did not significantly affect the coagulation value. In our experience the 
coagulation value has generally undergone an appreciable decrease 
within the first 24 hours of storage in the refrigerator. 

Coagulation values of certain plasma specimens were determined as 
soon as possible after the blood was drawn, and again after overnight 
storage of the specimens in the refrigerator. Such comparisons were 
made for plasmas taken from 100 cancer patients, 11 tuberculosis patients, 
and 9 normal individuals. Average decreases in the coagulation values 
of 21, 29, and 28 percent were observed in the respective groups. Each 
of these decreases is significant at the 1-percent level. For this reason 
all of our specimens were tested as soon as possible after they were drawn. 


COAGULATION VALUE AS A FUNCTION OF FIBRINOGEN 
CONCENTRATION 


Because of the obvious importance of fibrinogen in the coagulation 
reaction, a fibrinogen determination was done on practically every plasma 
specimen whose coagulation value was determined. Fibrinogen con- 
centrations were determined by isolation of the fibrinogen as fibrin, ac- 
cording to the procedure of Cullen and Van Slyke (9), followed by direct 
nesslerization of a micro-Kjeldahl digest of the fibrin. Duplicate deter- 
minations on 12 plasma specimens with fibrinogen concentrations rang- 
ing from 0.205 to 0.517 gm. per 100 ml. gave a coefficient of variation of 
3.9 percent. 

Fibrinogen concentrations and the corresponding coagulation values 
for 132 plasma specimens are shown graphically in text-figure 1A. The 
points are scattered about a line that intercepts the fibrinogen axis between 
points representing fibrinogen concentrations of 0.1 and 0.2 mg. per 100 
ml. Similar results were obtained by Black et al. (5). The 132 speci- 
mens represented in text-figure 1 are those that were tested by both the 
usual coagulation technique and a modified technique, in which the plas- 
ma was diluted with a 0.85 percent solution of sodium chloride instead 
of distilled water. Higher coagulation values were invariably obtained 
when saline was used as the diluent. The results are plotted against 
fibrinogen concentrations in text-figure 1B. The points are scattered 
about a line passing through or close to the origin. 

Although in both cases the observed scatter appears to be greater than 
would be expected from experimental errors alone, the tendency toward 
a linear relationship between the fibrinogen concentration and the co- 
agulation value is unmistakable. Aside from deviations resulting from 
experimental errors, quantitative changes in such factors as albumin, 
globulin, and inorganic salts could conceivably account for part of the 
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TEXT-FIGURE 1.—Relation between fibrinogen concentration and plasma-coagulation 


value. 


A.—Dilution with water. 
B.—Dilution with 0.85 percent sodium chloride. 
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observed deviations from a linear relationship. The pronounced effect 
of added saline on the coagulation value indicates that ionic strength 
may be one of these factors. Perhaps qualitative changes in the fi- 
brinogen itself, affecting its heat-coagulation characteristics, are also 
responsible for some of the deviations. 


SENSITIVITY AND SPECIFICITY OF THE TEST 


A critical coagulation value, N,, differentiating between normal and 
abnormal test results, was calculated from the formula N,=m-+1.645s, 
where m is the mean of the group of normal values and s is the sample 
standard deviation. The statistical considerations underlying this choice 
of a critical value, which arbitrarily designates the highest 5 percent of 
the normal values as false-positive test results, have been presented by 
Dunn and Greenhouse (10). 

The 125 normal individuals used for controls were from 18 to 66 years 
of age, with a median age of approximately 28. The mean coagulation 
value for the 18-28 age group (65 individuals; mean age, 24) was 0.0377; 
for the 29-66 age group (60 individuals; mean age 41) it was 0.0372. 
These means are obviously not significantly different. The variance 
among the coagulation values for the older age group was slightly greater 
than that for the younger group, but not significantly so at the 5-percent 
level. An analysis of the results for the age groups 18-29, 30-44, and 
45-66, containing 72, 36, and 17 individuals, respectively, showed no 
significant differences among the mean coagulation values of the 3 groups. 
It is concluded that the factor of age would not appreciably bias results 
of the test applied to individuals of middle age. Because of the difficulty 
of obtaining a sufficient number of healthy, older individuals, no attempt 
was made to extend the analysis to include the later decades of life, 
although admittedly a large number of our cancer patients fell in this 
category. 

The coagulation values for the 125 normal controls had a mean of 
0.0375 and a standard deviation of 0.012, from which N; was computed 
to be 0.058. Any value equal to, or greater than, 0.058 was considered 
abnormal; i. ¢., a positive test result. 

The frequency of occurrence of abnormal values in the miscellaneous 
diseases and in the benign and malignant neoplasms is shown in text- 
figure 2. In addition, it was felt desirable to ascertain whether abnormal 
values might be particularly frequent for certain disease processes or, in 
the case of the malignant neoplasms, for particular sites of origin. Tables 
2 and 3 therefore constitute a breakdown of the data for the patients 
contained in text-figure 2. 

The results obtained in 191 cases of neoplastic diseases prior to treat- 
ment are shown in table 2. In the 54 cases of benign neoplasms studied, 
there were 17 percent positive tests, whereas in the group of 137 malignant 
neoplasms, there were 53 percent positive tests. In the various groups 
of malignant neoplasms there was considerable variation in the percentages 
of positive tests, with the smallest being 27 percent in the case of breast 
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TABLE 2.—Summary of results obtained in neoplastic diseases prior to treatment 


























Number of Number Percentage 
cases abnormal abnormal 
| 
Ene ea Lee eee ae 54 9 17 
Malignant: 
SEILER AE 40 22 55 
SE EE ae een ae 15 4 27 
OS EN en nee | 11 8 73 
il iio es masala Snare 12 9 75 
Career Se Wienee...........-........- 14 6 43 
Type undetermined - ------.-------- 9 7 78 
7 | 36 16 44 
Te...... Siteia ee at ae ee 137 72 53 
Known metastases__....______- aires dee 60 33 55 
No known metastases - - - - - -__- eaten 77 39 51 





TaBLeE 3.—Summary of results obtained in miscellaneous nonmalignant diseases 

















Number of Number Percentage 

cases abnormal abnormal 
EE ea ee EE 44 11 25 
Gastrointestinal lesions. ----______-_-_-- 30 18 60 
Inflammation (chiefly chronic) - ---------- 29 10 34 
Circulatory diseases... .........-...-.-- 15 9 60 
EEE Se eee een 26 12 46 
pT ne ee ene Te Fee 144 60 42 
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cancer and the largest 78 percent in those of undetermined type. Al- 
most as large a percentage of positive results was found in the groups with 
bronchiogenic and prostatic cancer, namely, 73 and 75 percent respective- 
ly. However, no special significance should be attached to the relatively 
high proportions detected positive in these groups, except possibly for 
further exploration, since they are based on such small numbers. The 
proportions of positive results in all 7 categories were found not to differ 
significantly among themselves when the true rate is assumed to be the 
over-all rate of 0.53. The number of positive tests occurring in the 
groups with and without known metastases was essentially the same. 
Individual test results and confirmed diagnoses for all patients with 
neoplastic diseases are listed in tables 4 and 5 (see Appendix). 

The results obtained in 144 cases of miscellaneous nonneoplastic 
diseases are shown in table 3. The over-all percentage of positive results 
was 42 percent, compared to 17 percent for the group with benign neo- 
plasms and 53 percent for the group with malignant neoplasms. With 
reference to the several categories into which the miscellaneous diseases 
were separated, the lowest percentage of positive results, 25, was found 
in the hyperplasia group; the highest percentage, 60, was found in both 
the gastrointestinal and circulatory groups. The percentages of abnormal 
results found in these groups differ significantly (at the 5-percent level) 
from the over-all percentage of 42, and therefore each group has its own 
rate. It should be noted, however, that because of the small number of 
cases in each group the observed percentages are subject to large sam- 
pling errors. Individual test results and diagnoses for all patients with 
nonneoplastic diseases are listed in table 6 (see Appendix). 


SUMMARY 


The plasma coagulation test of Black has been applied to plasma spec- 
imens obtained from normal individuals and individuals having various 
neoplastic and nonneoplastic diseases. One hundred twenty-five nor- 
mal individuals, ranging in age from 18 to 66 years, were tested. The 
average coagulation value of the older normals did not differ significantly 
from that of the younger normals. Coagulation values exceeding 95 
percent of those predicted for a normal population were arbitrarily con- 
sidered to be abnormal. Fifty-four individuals with benign neoplasms 
and 137 individuals with malignant neoplasms were tested before they 
had received any form of treatment, so far as it was possible to determine. 
Abnormal coagulation values were obtained in 17 percent of the group 
with benign neoplasms and in 53 percent of the group with malignant 
neoplasms. Sixty of the individuals with malignant neoplasms were 
known to have metastases; of these, 55 percent gave abnormal results. 
Of 144 individuals with miscellaneous nonneoplastic diseases, 42 percent 
gave abnormal results. 
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The standard error of a single measurement was found to be approx- 


imately 7 percent of the estimated true coagulation value. 

A significant decrease in average coagulation values was observed in 
plasma specimens stored overnight in a refrigerator. 

The magnitude of the plasma-coagulation value was found to be de- 
pendent upon the plasma-fibrinogen concentration. 


CONCLUSION 


The results obtained in this study are in agreement with the reports of 
Black and co-workers that the plasma-coagulation technique is not a spe- 
cific diagnostic test for malignant neoplastic diseases. The results also 
show such low orders of over-all sensitivity and specificity in the detection 
of malignant neoplasms that the test would not be suitable for screening 
purposes. 
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APPENDIX 


TaBLe 4.—Patients with malignant neoplastic diseases 
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Metastasis 
Diagnosis Age Sex Result 
Known No 

Basal-cell carcinoma, nose___-_____-_-_-- 40 ft ae x 0. 020 

Basal-cell carcinoma, ear__- ae ea 67 = ee x . 079 

Basal-cell carcinoma, scalp__-------------- 48 SS x . 037 

Basal-cell carcinoma, rectum _ - - _- Saree 64 a See x . 039 

Squamous-cell carcinoma, face_--_---- - --- 77 Oe SES x . 038 

Squamous-cell carcinoma, nose cel 78 M a, eee . 061 

Squamous-cell carcinoma, skin _- er 92 me Boake x . 068 

Squamous-cell carcinoma, skin ---- 66 = aes x . 025 

Squamous-cell carcinoma, penis ee 78 i ae x . 065 

Squamous-cell carcinoma, lip--_--------_-- 61 M a, Sean . 054 

Squamous-cell carcinoma, lip- - , ae 71 fe ae x . 043 

Squamous-cell carcinoma, lip- --  ahinsieked 58 Me Bentcec x . 061 

Squamous-cell carcinoma, tongue - - - 3 61 er ae x . 046 

Squamous-cell carcinoma, larynx_- ‘ 59 a See x . 037 

Squamous-cell carcinoma, larynx- pace 53 et CRS x . 052 

eee 59 F a Fee . 048 

Gam 3 54 F a) ee . 049 

. . 69 See x . 030 

© atewid 5 61 F ee Seer . 041 

line Rn ical oh iat bia el 43 ae x . 029 

O scan eaves alc taconite onc cede whapesinicesae 70 a Ses x . 048 

 * 76 Be x . 065 

Se ene 78 a Sey x . 072 

ee eee ee S: 58 F Re actin . 057 

aah a aa Sa ca at ih ri Sa a id ga 62 a ee x . 080 

OF cians bonded aici piipscibci ane senae cada E Wee 63 _ a Seas x . 051 

a . 64 ff == x . 059 

OF a lbleruvase-blaial Geis Gln e CMe ec 43 F a Ee . 043 

I ccs shia ia ants Gabe initia cg poe 64 i are x . 028 

> RES SR eee. 32 eae x . 024 

NE a a ee een 78 F ee ee . 113 

Bronchiogenic carcinoma__----__-_------ 51 M S ) Genes . 212 

RE EEE PE ORES 53 F a ee . 043 

DS Aitasa Ghaedoegoewseaataaeenes 49 M a SSE . 063 

OO aaicaesas alana Siasicsicicie dana a Readkontecesbapietts ree 55 _ a See x . 076 

OY iat cn ecbaoatinGe mee tinatnecemalmecmmetes 62 M “Gi Se . 068 

© cinta nenidnnadawawneeemoeuee 71 M S. tcc . 090 

© a answipiks tats ead demi kine etheeons 44 M a . 107 

PS ahacucocsiaahacaiad gianna paceieaaciiesstatestal 58  & x . 142 

OP scsi and hnsseaaarebatee tate nae cleeiaktnacnaainel 61 M a . 025 

oe eee en Ae he! 45 M . eae . 043 

Og a cen 45 eee x . 173 

Squamous-cell carcinoma, esophagus - - - -- 50 2 See x . 089 

Carcinoma, stomach--_-_--____-___------ 76 M Beso . 084 

PO es ere a gr are hs a, Daye, 57 i See x . 006 

Tie tule ore dis OE Saleen anaseeteree 43 F a See . 061 

piaee te cee EN ee OER Py Ses 73 F ee . 014 

4 a een tes: sates 64 M S 1... . 057 

tite ce a ee as ea 41 F Ss . 226 

Oo iisiaiin huni: Siig anid esg ieee ahaa eee 62 M ga Sake . 060 

EEN 6 ERT, 67 . a ae x . 098 

pe ET Le aR ee 60 M Mw Beawses . 060 

Anne A! 70 M a ee . 066 

NN CONN ne cowecuaaweeas 41 M Se Buses . 057 

OES ee eee 76 F pe SA . 046 

a3 REE ie re eet ay 61 a Sees x . 045 

OO aia i a hn ee dt erin re gh eee 39 F Bee . 050 

EE et eee 83 =e x . 102 

je ee SS ce da ee 67 M i See . 074 
Carcinoma, rectum, and basal-cell carci- 

I co eee 73 M S Becca . 045 
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TaBLE 4.—Patients with malignant neoplastic diseases—Continued 
































Metastasis 
No. Diagnosis Age Sex —| Result 
Known No 

Gi | Carcinoma, rectum..................<.. = o Wet We x 0. 041 
62 Wr Movs dnasaw naan uate eanaaae Ae 2 x . 080 
63 glee a ee eee 76 M a. eee . 027 
Rr eee eee ene 70 M e te . 055 
65 DER ROA ee eae ee 72 Ss =e x . 077 
66 Feces cde go Ga acs te es otc aoe Beare 58 a See x . 052 
67 D idedtsion cap a nase el aoa cance 60 ah Sees x . 085 
SRR Ae ee ee eee are ere eh © ficnawu x . 042 
69 ee eee ere aie ae ae 57 M a ee . 026 
70 Re aieee oa Sata ha eee 57 | 3 eer x . 090 
71 Pe tate aces wate ee anes 66 a eee x . 040 
72 EEE LIAL LID ENTE | 83 | M “oe Ree . 108 
73 er nein ene meee peers 67 ey eee x . 042 
74 OPEL AE TEI RABE AERC | 70| F [clo x | 1062 
75 ore en oP ee 81 See x . 053 
76 REEL ETD IID | 2 Sb... x . 061 
cE Carcinoma, ampulla of vater_---__-_-_-- | 74 > Cae x . 098 
8 peg Eig eee ee eae ee ee eee ce a ee x 056 
79 | Carcinoma, pancreas----_-.........------ | 61 | My 119 
80 gh AE ks KE A EES are 71 me bo x 070 
81 fer enn ene 68 a eee x 074 
82 ght Ee EE Sea ee ee rie ae 70 gy eee x 070 
me ) Cee, GNP UEE.. J... ce ene 53 4 Rea x 060 
84 EE DEE Ee DE ee 8 Geo x . 078 
85 stil nn A te Spee ec ee 54 F a Se 052 
86 FF eae east eae 44 F yg 4 063 
87 sagt teres ee ie ee ae 2 69 a See x 055 
88 gates | 76 ae ae x 117 
89 singe Rien eeeay ay Steer Neer nne eee Sn | 54 —/ ee x . 046 
90 (EE EE RT Ae | 45 ee Se x . 012 
= nN I cs ne | 59 > ee x . 035 
QE AL DRONE PET, , wee @ be x . 054 

93 ieee enn ree Se CNT PEN ‘owt “aa i Saas x . 041 
94 pg eee AEE OS 60 _ ae RS x . 050 
95 OO EE OTE Se | x . 073 
96 Ee Caer eee Feta 72 F a Sees. . 064 
= CINOIR AGNI osc oe Stee cesacs 55 _ See x . 108 
8 gion 8 A ee EEN ae 66 M a Scr . 065 
99 I ihente e arccabe cues rardecedbes” } 65] M |____- x | .104 
oa Carcinoma, bladder ---_-_.___._.----- a = SESS x . 060 
set OEE DE a LET A 4 ae Seer x . 054 

102 idl 71 eS See x . 072 
103 POOLE LLL OE ED ELIDA 44| M |.____- x | .056 
104 se ee ae see anny ore 47 M a SE . 058 
105 “ vie gsi] M |x |_...-- | 1109 
106 ee ES See oy re eee ae 63 M a See | .097 
od Carcinoma, prostate.............-.....- 76| M oe eee . 100 
ETE A AA AED paki a cet eee 66 /-_ = x . 066 

109 : =e on 80 | ee x . 093 
110 se Rey aE tS SEY 74 M e bo . 035 
111 TY aed ae A ota oiaiai ea ered 62 . i ees x . 095 
112 II 59 | M ee . 049 
113 gf EET IEC EI. 77| M , SSE . 073 
114 i NO SI Ree ne eee ae 74 __ ab eee x . 075 
115 EE ETI Cea Peg et pn 81 / i See x . 071 
116 (EEL ED,» EE NE. 56 a ee x . 035 
117 Py apschtaick aieae keane ido cote ae ee 67 | eae x . 142 
118 a ee ee Ee a NE oe meee nee 67 eS £2 x . 150 
119 | Mucoepidermoid carcinoma, parotid ----_- 22 a Es x . 034 
120 | Carcinoma, submaxillary gland ---_-_-___- 80 M a 2 . 046 
121 | Metastatic carcinoma, type undetermined - 48 F a Se . 093 
nee eR 48 F a Ses 061 
123 | Oi aaa ee a eed ea Se 68 F e Bee . 062 
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TABLE 4.—Patients with malignant neoplastic diseases—Continued 
































Metastasis 
No. Diagnosis Age Sex Result 
| | Known No 
| 
124 | Metastatic carcinoma, type undetermined- 73 | F > Bien 0. 041 
125 | PP EEMLLE AS 2 SANE TARTS 48 4a 8 se . 108 
aoe | ih EE oe 5 ee Fs: 66 M © ivcces . 118 
127 | ee ee eee en wren 55 F a Sa . 032 
128 | AE OS 5: 73 M -, G2 . 087 
129 | a i a ae Oe atten Sad 59 M Bese . 109 
130 | Melanoma, cheek. -............-.------ . 2 a? a See . 071 
es | Lpmpncesreems..................---<-:; oes ow Ob Se Bee . 034 
132 | ef EEE wpnkiiled 73 | M x t25;.. . 044 
133 | De a alas ies nek a een pie ts wise de i a ee SE . 020 
134 gh PONE LITLE ee TF Fe ee ee . 103 
135 | Ewing’s sarcoma, sternum___________- al Sn oe eeews x . 048 
136 | Myelogenous leukemia, chronic-_-- - --- - -- | 60 _@ aaa | x . 025 
137 | Malignant teratoma, testis._____________- 15 M | be osteo [a . 047 
TABLE 5.—Patients with benign —- diseases 
No. | Diagnosis e | Sex Result 
Sy nee eee 49| F 0. 033 
2 pf OLMEDO OLA 42| F | . 037 
3 5 Se AP ere eae 39; M . 037 
4 Bi ne eee a eee eee 49 | F . 055 
5 Ot sccutamedatiaditenmeenaeienthieeiaepel aaah 57| M | .023 
6 POF LES LLL EE, IE: 37| M | . 041 
7 | Cavernous lymphangioma, peritoneum- --------- 53 F . 046 
4 0 a SS eee 22 M . 068 
eS RRR Ls 39 | F . 037 
ee Nani i cnonaadeeeletwemened 50; M . 062 
11 he # idea tenet Rn sisted 62 | F | .048 
12 | Chondroma, trachea----______.___------ papa 72 M . 097 
13 | Chondro-osteoma, knee___________.__-__------- 44 | F . 035 
14 | Enchondroma, phalanx____-____--_____-------- 44| F | . 029 
15 | Osteoid osteoma, humerus---___________-_-_-_-- 63 | M . 050 
I a a a ca mesial Se 36 | M . 030 
17 Fibro- adenoma, breast--..-._---.-------------- 28| F . 027 
18 ote th OE EON ; 23| F 046 
19 tina ala kaiaeaaia ake sb os uae on 26 | F 034 
20 gf ee eet ee 61 | F 034 
21 | Cystadenoma, breast..................._.....- 28; F 038 
22 Intraductal papilloma, breast_......_.__-_______ 21 | F 043 
Br ee eet ee hee egiaia ae 45 F 038 
24 ESET PD ne Cee ete eee meee 69 F 080 
25 ” eres: 73 F . 047 
26 Papilloma, lary ORE ORS hiteee 5 36 N 046 
| Oa. ie SE eee een 25 F 034 
28 (5 EL RS EE EASE Me ee NE 51 M 021 
29 | Papilloma, choroid plexus_-----.....-.--------- 63 M 044 
St © HE io ccicwacentnGcthascecvucuecaee 55 M 027 
31 4G AR AEE OLN 26| F . 053 
32 ne 44 | F . 039 
33 Adenoma, "| aha ASN aM ae 71 M 042 
34 | Leiomyoma, esophagus---_-_.._._--------------- 28 F 045 
35 Leiomyoma, is cesar ect ade wcinnre aioe 54 F . 034 
36 Oe ah neta eal elisa ta eed 47 F . 043 
37 sine oS A SE TE: HOD ZT LONER ES 40 F . 057 
38 a ee ea 47 F . 020 
39 hfe OR RE Ee De SE AEE Ee 26 F . 072 
40 PT ceagdiwe cath Ce eae aaa aden ease 46 F . 036 
41 EE I . 47 F . 053 
42 ge OE EEE EP EM IRE 2. 32 F . 035 
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TaBLe 5.—Patients with benign neoplastic diseases—Continued 






































awe ee SSeS ee ow Ore SS 





Yo. | Diagnosis Age Sex Result 
DE WS on oe ci ews ees aneaaae 40 F 0. 149 
Sif OE AER EE LENE Poe NO 42 F 048 
eee aici eee daaie eae 39 F 039 
sg EEDA SER ESTES Ee 54 F 035 
OF ie aaa oe nae eae 46 F . 062 
<P eee 55 F 008 
fA ST Oe ee es 40 F . 038 
cf ER a eS eee 36 F . 066 
ci ccc arasnas ite aiden ina ace igreiens etam aaa 40 F 031 
[ge ere ee Pate ERO Sg et iain eae 39 F . 027 
TERT Ree se irene rete eee 65 F 123 
Leiomyoma, uterus, and cystadenoma, ovary ----- 59 F . 027 
TABLE 6.—Patients with miscellaneous diseases 
No. | Diagnosis Age Sex Result 
an: fg 48 F 0. 043 
2 | Oe hc late awa Aw ei ae aah ae ee 47 F . 046 
3 | pe EL Eee eee ae eye ee ee 33 F . 033 
4 | FE casein spislanis tenon ie entered ess aa ae 43 F . 036 
5 | OF ithe ree wane oleae es aaibe akekae 32 F . 032 
6 OF 2 se i ua ee nad waa oadea ane 30 F . 024 
7 | fed aah ede nina ekeew anion aan 43 F . 042 
8 | lanier ca eneuatag at Gawain ea wc 28 F . 038 
9 | EE EE ee ree er ee ee 28 F . 031 
EE ir eee mee 43 F . 049 
OS ial Akane akan en LOOT 46 F . 049 
Wis) Lo. panne cee ane aean 47 F . 031 
ee hue saewi ence abate 44 F . 033 
ote + epee remanent eaaaeen 48 F . 016 
eee SES eee SITE St ees ee re 39 F . 041 
Cystic disease of breast, and hyperplasia, endo- 53 F . 034 
ee) Ea Ee a ee ae 
| Intraductal hyperplasia of breast - -------------- 73 F . 105 
mS 2. oe ae sce coeaeeed 15 M . 036 
ELE Ee 21 F . 090 
f) CIN 6 os on cnnwcinaembladtnwmne aes 83 M . 028 
iS eee See ee 43 M . 028 
SI ea ain. te akaweranee awa 42 F . 082 
| Chronic beonebitis. ............-.---..- ie mons 65 M . 107 
pet ES Ee era ere ene 47 F . 032 
SRNR i cn cm meneae oak aaeseees 77 M . 073 
OE | OS EE ere ac cee Seer ae ee a 21 F . 038 
| Hypertensive cardiovascular disease--_-- --------- 46 M . 052 
sei Ne ae eat ee EERE EES Ey RF pee 47 M . 020 
gift en ee ae ee eee ee 54 F . 038 
| Arteriosclerotic heart disease with angina - ------- 77 M . 028 
| Arteriosclerotic heart disease----.-.------------ 69 M . 070 
gigi LEIA SEES tO SC aes Se et Yn 74 M . 095 
Cosonaey UpenO. .... == ono oso ce cn ccnwe 57 F . 106 
pf bE RS SEP NES er ere 50 M . 031 
Rheumatic fever (active) - ------------------ aed 55 M . 074 
RI oe comicawensaeaeenee 61 M . 075 
Se rn ees 59 F . 113 
ago SEE ESSE eee emenar ee 84 F . 082 
TAREE DRRIRITI i sic isc ence cndccnsunon 38 F . 063 
OEE LE OE a eee 31 F . 029 
A on co mada saan 59 M . 077 
NN in ac aronnnsiuewnane<m 27 M . 035 
SE SS oc cr bn anewasmoeecend 62 M . 039 
a aha aida late eee ne bate ahy cain 60 M - 068 
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TaBLeE 6.—Patients with miscellaneous diseases—Continued 




















Diagnosis Age Sex Result 

IC TN wiiincwnemwancieccaimdns 61 F 0. 025 
ON en eee 11 M . 030 
Cervical lymphadenitis.......................-. 28 M 035 
Acute suppurative lymphadenitis_______..___- : 41 F 107 
0 0 See ee eee = 33 F 065 
I la nee ee 86 M . 105 
IS EE A ee 70 M . 040 

© aeeeGneaees sack a eebeGaunummwsioeuiaseiem 43 F . 039 

a etree ae aioe eee he te ee ee 49 M . 053 

5g EEE ET EE eee, et EY 70 M . 079 

fe Se eer S 64 M 119 
ee ee ee 68 M . 068 
ae eee oe 51 M . 059 
ps ft RR EE 36 M . 025 

 cubaeetd stamina aden daca 59 M . 102 

si ED eae SL Spee eee u 58 M 056 

gf ER CE Is: 62 M 137 

EE SA EEE RAL Ce 60 M . 060 
Perforated duodenal ulcer_..._-...-._.-_---_--- 58 F 067 
Diverticulum duodenum_---_-__.-.-_-_.----_--- 78 F 046 
| Periduodenal adhesions. ---............-------- 62 M 046 
Divertioulum sigmoid................-...-.---.- 58 F . 047 
NES SERS SX 88 M 101 
I a arth diinidr dinr itn iocs inte ane 31 M 091 
i ne att cel eaiae 57 F 081 
I ce ale eed 46 F . 040 
SE NII oo cnecncvaccenaansteasenee 55 F . 084 
sie LE DELI EE De 79 M 042 
Re CEIRIIIIII oii nid dcaswencenideuan acute 69 F 040 
LR EOE EE AE AS RES: 56 M 096 
a a 80 F 098 
ee eae oe 53 M 046 
a eh aia wn wer ciomen 67 M . 066 
SAE Se epenne re oe eee ee ea, 38 M 114 
a a a en el oi del ah leila 56 M 151 
a rss ip ei wie winwaemaee 62 M 016 
Aoute pyelonephritie................<........<- 61 M 107 
a 25 M 092 
Chronic pyelonephritis___..._..._.._.._____-_-_-- 62 M 115 
a iii eta dae 48 F 049 
Nephroureterolithiasis___..........._.__-.__--- 39 M . 128 
EIT IE ee 73 M 102 
hE. LR aa eR IONS 56 M . 035 
Ar os et a ate 70 M 138 
hf EE LOCA Re NO 66 M . 083 
RRR SE eee ee ee 62 M . 041 
ES EERE OL IETS 56 M 153 
Cystocele and rectocele..............---------- 55 F 063 
shh EEL SINT SA OD: 53 F . 048 
Se eee eee 40 F . 031 
Benign hypertrophy of prostate__....________-_- 73 M . 057 
5 SE LE a te TE 80 M 062 

OF apie acp hd bases loach aaa eat nese aanedl 76 M 090 

jg EE TERETE LSE EAD ee eee N 70 M . 097 

ie TELESIS BEE DIS SEE RSA 80 M . 053 
Benign hypertrophy of | panne tn and pyelonephritis- 59 M . 095 
Benign hypertrophy of prostate__..._.._..------ 67 M . 057 
eG ME LAID AEA ESI EEL SAAR De AEE 67 M . 021 

5: EE SS SI EE EE ES Sei ae et 68 M . 067 

ot RE SEI PL Ee. 85 M . 097 

ee ee I Bony ee ee 74 M 143 
a i as Bic 70 M 049 
ee eee 60 M - 035 
eee I en ee eee 39 M . 072 








Oy ae ae ee ae ee ee Se ee ee ee ee ee ee ee ee ee 
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TABLE 6.—Patients with miscellaneous diseases—Continued 

No. Diagnosis Age Sex Result 
109 Tubo-ovarian Se oatabetan 16 F 0. 055 
110 ‘ : ‘ 30 F . 146 
111 | Chronic cervicitis- 19 F . 051 
112 | Chronie cervicitis, and prolapse, u uterus 42 F . 026 
113 | C hronic cervicitis_______ a ALES 18 F . 018 
114 | aaah ss 63 F . 065 
115 | sighs tty ay Ve ee RRR RS MERION 73 F . 091 
116 | - 66 F . 044 
117 | ue : 28 F . 020 
118 is 48 F . 047 
119 | Chronic endometritis_ - 48 F . 029 
120 Ws ; 36 F . 014 
121 | Atrophy, endometrium a 72 F . 010 
122 | Hyperplasia, endometrium. --_---_---.---------- 34 F . 049 
123 PF ge ee ila eeice ae & 30 F . 054 
124 | jor RD Sn eA Aen 40 F . 026 
125 he ae ES eee RY: 42 F . 029 
126 | gee Ses ons ae Dip AREA Feely Se pee ee eee cue 23 F . 059 
127 | Pa ae CE ata os ae 24 F . 020 
128 | wget c Raga eo ele eae ee 43 F . 042 
129 | Sig at Re Sigil eh ig scenes ieaanas aly eee 37 F . 060 
130 a NON Rae 26 F . 040 
131 | _ : 56 F . 019 
132 | Adenomyosis, uterus- 40 F . 027 
133 Or saa Sa = 44 F . 023 
134 | Retention of secundines = 36 F . 026 
135 | Hyperthyroidism_- 60 F . 071 
136 | Diabetes mellitus 55 F . 061 
137 | Meningeal adhesions due to trauma- -_ - 38 M . 054 
138 | Epidural abscess___- ARDY 27 M . 040 
139 | Ganglion, ankle-- 25 M . 030 
140 | Synovial cyst, foot___- ‘ 33 M . 036 
141 | Dacrocy stitis.____ res 59 F . 044 
142 | Retroperitoneal tuberculosis______- 47| M . 056 
143 | Myositis ossificans_- ; 17| M . 029 
144 | gig ete rm RS OS Os ne eet ele era meee Nie 32 | M . 067 














THE MEASUREMENT OF PROLIFERATION 
IN TISSUE CULTURES BY ENUMERATION 
OF CELL NUCLEI! 


KaTHERINE K. Sanrorp, Witton R. EArwe, VIRGINIA 
J. Evans, HELEN K. Wattz, and Joun E. SHANNON,’ 
National Cancer Institute, National Institutes of Health, 
U. S. Public Health Service, Bethesda, Md. 


INTRODUCTION 


One problem in quantitative work with tissue cultures has been the 
measurement of culture growth. Although numerous methods of measure- 
ment have been proposed and used, there has been no accurate nor easily 
applied procedure for estimating proliferation in a culture over a wide 
range of experimental conditions. So long as the conventional tissue cul- 
tures were in use in which the cells grew from a central explant embedded 
in a plasma clot, any accurate enumeration of cells or cell nuclei appeared 
impractical, but with the development of methods (1) for growing large 
numbers of replicate cultures on surface substrates such as cellophane, a 
new approach to the problem seemed possible. 

A procedure has been developed in this study by which cell nuclei may 
be quantitatively removed from the culture substrate, stained, suspended 
in a known volume of fluid, and the number of nuclei present in an ali- 
quot of the suspension enumerated. The number of cell nuclei may thus 
be determined in replicate cultures randomly selected at intervals during 
the period of study. By such a sampling procedure changes in numbers 
of the cell nuclei in cultures under different experimental conditions may 
be followed. The rate of proliferation as determined by this method is 
the algebraic sum of the rate of nuclear division and nuclear disintegration 
within the culture. 

This paper presents the method developed particularly for the strain 
L mouse cells but applicable to other cell types, and also presents the ex- 
perimental development and testing of this procedure. 


MATERIALS 


The solutions and equipment used in the enumeration procedure were 
as follows: 
Citric acid, 0.1 M, to which a few crystals of thymol were added to 
prevent mold growth. 
1 Received for publication September 27, 1950. 


2 The authors wish to thank Mr. Schneiderman of the Biometrics Section of this Institute for his guidance in the 
Statistical developments of this study. 
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Methocel,’ 4,000 cps; 0.5 percent dissolved in 0.1 M citric acid. 

Crystal violet, 0.1 percent dissolved in 0.1 M citric acid. 

Centrifuge, International,‘ size 2, fitted with indicating tachometer, 
head #277 carrying 250-ml. tubes #384, and head #240 carrying 
100-ml. tubes #340. 

Graduated cylinders, Pyrex, 10 ml. with S. T. glass stopper and with 
base ground to slip into 100-ml. centrifuge tubes. 

Rack for graduated cylinders, shown in text-figure 1. 

Long-tip pipette, shown in text-figure 1. 

Beakers, Pyrex, 30 ml. 

Counting pipettes, special design shown in text-figure 2, of approxi- 
mately 5-ml. and 15-ml. capacity, each fitted with sealing device. 

Blood-cell counting-pipette rotor, Bryan-Garrey.® 

Hemocytometers,’ bright-line, double improved Neubauer ruling with 
0.4-mm. thickness cover glasses. 

Binocular microscope equipped with 8-mm. achromatic objective 
and with Bausch and Lomb X15 wide-field oculars. 

Hand counters (tally register), Veeder. 
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TEXT-FIGURE 1.—Rack for graduated cylinders, and long-tip pipette used in removal 
of supernatant fluids. 
3 Dow Chemical Company, Midland, Michigan. 
4 International Equipment Company, Boston, Massachusetts. 


54.8. Aloe Company, St. Louis 3, Missouri. 
* American Optical Company, Buffalo 15, New York. 
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COUNTING PIPETTES AND SEALING DEVICE 


TEXT-FIGURE 2.—Counting pipettes and sealing device. The sealing device con- 
sists of 2 brass cups, fitted with rubber cushions, and connected by springs of gauge 
#8 piano wire. 


PROCEDURE 


Approximately 14 ml. of 0.1 M citric acid, warmed to 37° C., was added 
to each culture growing in 2 ml. of culture fluid in a T—12 flask (1). The 
culture was incubated at 37°C. for 1 hour, then shaken vigorously by hand. 
The nuclei were thrown down by centrifugation for 20 minutes at 1,100 
r.p.m. After approximately 12 ml. of supernatant was withdrawn by a 
long-tip pipette and discarded, 1 ml. of 0.1 percent crystal violet was 
added to each flask. The flask was then shaken by hand, and the con- 
tents transferred quantitatively, with 3 to 4 citric-acid washes, to a 10-ml. 
graduated cylinder. Before the transfer the outer lip of each flask was 
coated with yellow petrolatum to prevent dripping and consequent loss 
of fluid in transferring the contents. After the cylinders were centrifuged 
at 1,800 r. p. m. for 20 minutes, the supernatant was withdrawn by a 
long-tip pipette so that a volume equal to one half the final volume was 
left in each cylinder. To this volume an equal volume of 0.5 percent 
methocel was added. The final volume of suspension was roughly approx- 
imated to yield about 300,000 nuclei per ml. The graduated cylinder was 
stoppered and shaken to disperse the packed nuclei. While the nuclei 
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were still uniformly dispersed, the suspension was transferred immediately 
to a 30-ml. beaker, which was kept agitated during the withdrawal of the 
contents into the special counting pipette. If the counting was to be 
delayed, the pipettes were sealed and stored at 5°C. At the time of 
counting, the pipettes were clamped in the Bryan-Garrey rotor and 
rotated for at least 15 minutes to establish and maintain a uniform dis- 
persion of nuclei before samples were taken. Before charging the hemo- 
cytometer chamber, the contents of the tip of the counting pipette were 
discarded. A sample of the suspension was then discharged into one 
chamber of a hemocytometer positioned on the microscope stage. 

Each suspension of nuclei was sampled and counted by three operators. 
Each operator filled one hemocytometer chamber, and counted the 
nuclei in the 9 1-mm. squares or hemocytometer units. Since the nuclei 
in a total of 27 squares were counted by the three operators, a volume of 
2.7 cu. mm. was counted on each suspension. The number of nuclei per 
culture was calculated from the following formula: 


Total number of Total volume of sus- 
nuclei counted pension in cu. mm. 


Volume of sample counted in cu. mm. 





=Number of nuclei per culture 


Example: If 3 operators counted a total of 832 nuclei in 27 hemocyto- 
meter squares, or a volume of 2.7 cu. mm. of a suspension which had been 
diluted to 10 ml. or 10,000 cu. mm., the number of nuclei per culture 
would be calculated as follows: 

832 X 10,000 


= = 308,148 nuclei per culture 





EXPERIMENTAL RESULTS 
Action oF Citric-Acip SoLUTION oN CELLS 


Although living cells could not be completely removed from a glass or 
cellophane substrate by shaking the flask, the nuclei of cells fixed with 
citric acid could be completely removed as shown by microscopic examina- 
tion of the substrate. 

To determine whether any cell nuclei were disrupted by this treatment 
with citric acid, young cultures of cells growing under perforated cello- 
phane were photographed before and after citric-acid treatment, and 
the photomicrographs compared. The examination of 850 individual 
nuclei in these photomicrographs revealed no disintegration of nuclei. 
Cells photographed before and after 1 hour of citric-acid treatment are 
shown in figures 1 and 2. 

Although the cytoplasm was not disintegrated by the citric acid, it 
became so fragile that shaking and washing usually stripped it from the 
nucleus. Any cytoplasmic tags left on the nuclei did not interfere with 
counting of the diluted suspension as long as these remnants did not cause 
clumping of nuclei. A slightly shaken preparation and a shaken and 
washed preparation of unstained nuclei in citric acid are shown in figures 
3 and 4, respectively. 


h 
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EFrrect oF AGE oF CULTURE 


In young, rapidly growing cultures the citric acid-crystal violet diluting 
solution clearly fixed and sharply stained the chromatin of the nucleus. 
Cells in mitosis were so clearly fixed that the mitotic figures could be 
enumerated differentially and each stage of mitosis recognized. Several 
mitotic figures are shown in figures 3, 4, and 8. 

In older, partially necrotic cultures staining of the necrotic cell nuclei 
was less sharp, while the stained nuclei of cells undergoing severe degene- 
ration became achromatic and ultimately disintegrated to unrecognizable 
debris. The nuclei of normal healthy cells and the nuclei of cells in early 
stages of necrosis could be differentially enumerated, but the nuclei of 
cells in later stages of necrosis could not be counted because of their 
disintegration. The effect of citric acid on an almost completely necrotic 
culture is illustrated in figures 5 and 6. 


Factors AFFECTING THE PREPARATION OF SUSPENSIONS OF NUCLEI 


PH of the citric-acid solution —A pH satisfactory for isolation of nuclei 
resulted from the use of at least 7 volumes of 0.1 M citric acid solution for 
each volume of the heavily buffered culture medium used (/). The pH 
of such mixtures of the acid with fresh culture fluid, or of the acid with 
old culture fluid in which cells had been growing for 48 hours, ranged from 
2.26 to 2.30 as measured by glass electrode. At this pH adequate isolation 
of nuclei to yield a homogeneous suspension was obtained after 1 hour of 
incubation at 37° C. and subsequent centrifugations and washings. 

The pH of the final solution appeared to affect the sharpness of image 
of the cell nucleus, since after washing of a citric-acid-fixed culture with a 
nearly saturated solution of Na,COs;, the sharp image of the nuclear mem- 
brane and chromatin was lost. A subsequent wash in citric acid restored 
some of this sharpness of image as illustrated in figures 7 through 10. 

Washing of the cells —With old cultures undergoing disintegration, it 
was often advantageous to wash the cells several times with citric acid 
to eliminate some of the debris from the cultures. If the cells were 
suspended in a high protein medium such as 6 percent albumin saline, a 
wash of balanced saline was necessary, before addition of the citric acid, 
to avoid a precipitate. 

Osmotic pressure of the citric-acid solution—Both hypotonic citric-acid 
solution and citric-acid solution made isotonic by the addition of NaCl 
were tested. The osmotic pressure of the isotonic solution was established 
by freezing-point determination. Treatment of the cells with the hypotonic 
solution yielded better isolation of cell nuclei than treatment with the 
isotonic solution. 

Temperature and duration of citric-acid treatment.—An effort was made 
to shorten the nuclei-isolation procedure by shortening the period of 
citric-acid treatment and by raising the temperature of treatment. Both 
20- and 30-minute periods of citric-acid treatment at 37° C. were tried 
and were found to be inadequate in that the nuclei even after vigorous 
shaking were incompletely isolated and clumped. When the cells were 
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given a preliminary wash with saline or citric acid before the incubation, 
this shorter treatment was adequate; but such a procedure involving the 
additional washing and centrifugation was as time consuming as the 
original method employing 1 hour of incubation. Two higher tempera- 
tures of incubation, 50° C. and 75° C., were tried. There appeared to be 
no acceleration of citric-acid action at either of these temperatures. 

Type of acid used.—Since previous experiments suggested that decreased 
pH and hypotonicity of solution played a definite role in the action of 
citric acid on cells, solutions of lactic and maleic acid having the same 
osmotic pressure—measured by freezing point depression—as 0.1 M citric 
acid were tested. These acids have dissociation constants for the first 
hydrogen of 1.38 10-* and 1.5 10-*, respectively, as compared with the 
dissociation constant of 8.4 10~‘ for citric acid. The lactic-acid solution 
was found to be as effective as citric acid in isolating the nuclei. With the 
stronger acid, maleic, however, the isolation of nuclei was inadequate, and 
cells were clumped. Even when the cell suspension in culture fluid was 
given an initial saline wash, the maleic-acid treatment failed to yield 
isolated nuclei. 


STABILITY OF SUSPENSIONS OF FIxED NUCLEI 


The stability of nuclei after fixation was determined by comparing the 
numbers of nuclei in suspensions counted immediately after preparation 
with the numbers of nuclei in the same suspensions counted after 7 days’ 
storage at 5° C. The duplicate counts are presented in table 1. No 
significant difference between the 1- and 7-day counts was found. These 
results indicate that the nuclei were stable for at least 7 days when stored 
at 5° C. A group of cultures could thus be fixed, and their nuclei enu- 
merated, as desired, within the following 7-day period. 


TABLE 1.—Stability of suspensions of fixed nuclei at 5° C. 





Number of nuclei counted 














Suspension No. ] Difference 
First day |} Seventh day 

sac saat ss neninadapia ab Ab aah mw anata 1, 726 | 1, 760 | +34 
icc: hi ececnd ie cana dots ta asasip sane ial racine td taaaindc aca 1, 756 1, 784 | +28 
ee ee ee atl a een 1, 566 | 1, 883 | +317 
ii sicscdanae tk Selah tein cata avis iaee aiaasie deems aadein aaa 1, 841 | 1, 839 —2 
Diccckeiudksowkawaadineikas Guana 1, 836 | 1, 835 —1 
laiciieln te: stncb Se Gechsidancen stu-eltiomaniaa er wereeiteenupececanat 1, 437 | 1, 460 +23 
RRC ALLEL A ILE: 748 | 843 +95 
RE ee ee en 732 | 798 +66 
Witt onerdmdcndan pen melwb aan biacianwadacenels 738 | 650 — 88 
kes cada bandGnnadindhataedvee ase 759 | 722 —37 
eS ee ee eee ee mee 755 | 842 +87 
ies ses os abiaeethcdn di cavers omer Sapa bc tah oa aetna 772 | 732 —40 
— SERENE TIO DON. | 851 | 764 —87 
ee aS ee eee 868 | 813 — 55 
Pinncscibabbunsundindiediadatieacee | 790 | 850 +60 

Average difference__.........-.--- | Seen Roa, Ree See 1 26. 67 








! Standard error of average difference = 25.65; ¢ value 
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40 percent. 


standard error of average ‘iferenm )" 1.04; p value=30 to 
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INFLUENCE OF SUSPENDING AGENT ON UNIFORMITY OF COUNTS 


The influence of suspending agents on the uniformity of distribution of 
nuclei in the counting chamber was also determined. The three agents 
in the final concentration tested were: 3 percent gum ghatti,’ 0.25 percent 
methocel of 4,000-cps. viscosity, and 0.25 percent methocel of 1,500-cps. 
viscosity. The results of this study are presented in table 2, where the 
influence of each of these agents on the uniformity of count is compared 
with the results when no suspending agent was used. 


TABLE 2—Influence of suspending agents on uniformity of count 



































Number of | Average Tot 
. ber of | Weighted : 4 
Suspending agent memocyton™| nucle per average of F ratio Cae n with 
emocytom- e: 
counted | eer want — 
| Ga & 
None (control) -.....-..--- 250 44.77 2. 10 
3 percent gum ghatti-__-_-_-_- 125 44. 76 1. 55 | 1.358 (probably significant). 
0.25 percent methocel (4,000 370 47. 11 1.41 | 1.485 (highly significant). 
cps.) 
0.25 percent methocel (1,500 | 367 42. 74 1. 74 | 1.207 (possibly significant). 
| 
cps.) | 
IF value= jpomputed Sariance, The theoretical variance was considered the average count per hemocytometer 


unit (2). The F values computed in this table are approximations to Snedecor’s F. The tabled F distribution 
can be used when entered with (n—1), (2Xn) degrees of freedom. As shown by Mantel and Schneiderman (personal 


P — : ‘ . — Z(n-1) F 
communication), this is a conservative approximation to F. Weighted average of the F values=->7—,,- where 


) 
n=number of hemocytometer units counted. 2(n-1) 


The results indicate that a final concentration of 0.25 percent methocel 
of 4,000-cps. viscosity significantly increased the uniformity of distribution 
of nuclei in the suspension. This concentration of 4,000-cps. viscosity 
methocel was significantly more effective in distributing the nuclei than 
methocel of 1,500-cps. viscosity. The methocel preparations were more 
satisfactory for microscopic observation and counting than the gum ghatti 
preparations, since in the gum ghatti fine particulate matter was present 
that could not be removed. 


INFLUENCE OF DeptH oF HEMOCYTOMETER CHAMBER ON ACCURACY OF CoUNT 


Suspensions of nuclei were counted in hemocytometers having chamber 
depths of 0.1, 0.2, and 0.4 mm.’ The deep chambers were tested par- 
ticularly for use with dilute suspensions of fewer than 250,000 nuclei 
per ml. The data from this study are presented in table 3. 

Although the counts from the 0.1- and 0.2-mm.-deep chambers did not 
differ significantly from the theoretical or Poisson distribution (2), the 
counts from the 0.4-mm.-deep chambers did differ significantly. The 
difference in uniformity of distribution between the 0.1- and the 0.4-mm.- 
deep chambers was highly significant. This difference might have been 
due, however, to the difference in the average number of nuclei counted 

7 Prepared according to Hawk, P. B., Osler, B. L., and Summerson, W. H.: Practical Physiological Chemistry, 
Blakiston Co., Philadelphia, 12th Ed., 1947, p. 1227. 


§ The 0.2 and 0.4 mm deep chambers were specially designed for this research by C. A. Hausser and Son, 6040 
Belfield Ave., Philadelphia 44, Pa. 
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TABLE 3—Influence of depth of hemocytometer chamber on accuracy of count 





| Average number — of | 





Chamber depth in uniformity J peuepindoter hemocytom-| F ratio (comparison with 0.1-millimeter slide) 
| unit | eter units 
{ 1. 56 19. 8 80 
. 82 24. 2 80 
| 1.12 21.9 80 
1.15 37.7 80 | 
0.2- . 84 46. 4 80 |;1.048 (not significant). 
| 1.35 40. 2 80 || 
5 ¢ 
0.4 | 2 - =? a its |3.2 265 ( ised significant). 
’ | 2. 61 80. 0 65 {2.0 99 3 (highly significant). 
{ 2. 59 93. 9 20 
Gell Fesaxsuwaies 1. 45 93. 9 30 
| 1.59 66. 0 20 














1 Data drawn from different experiments to provide comparison with 0.4-mm. deep chamber for approximately 
the same average numbers of nuclei per hemocytometer unit. 

2 Index of uniformity—F value as in table 2. 

+ Comparison with 0.1-mm. deep chamber having approximately the same average number of nuclei per hemo- 
cytometer unit. 


per hemocytometer unit in the two types of chamber, since when large 
numbers of nuclei were counted in each hemocytometer unit, more errors 
in counting were found to occur. A set of data from 0.1-mm. chamber 
counts having the same average number of nuclei per hemocytometer unit 
was, therefore, compared with the data from the 0.4-mm. chamber counts. 
There were still highly significant differences between the two groups of 
data in the uniformity of nuclei distribution. The 0.1-mm. chamber gave 
considerably more uniform counts. These results indicate that the use of 
as deep a chamber as 0.4 mm. may impair the accuracy of the counts. 
Much of this difficulty in counting nuclei in the deep chamber appeared to 
result from the continuous focusing necessary to detect nuclei in the 
deeper layers of fluid. Since even with the 0.2-mm. chamber considerable 
focusing was necessary, the 0.1-mm. chamber was selected as the most 
accurate and practical for routine use. 


EVALUATION oF AccURACY OF THE CouNT PROCEDURE 


To determine the number of nuclei to be counted to give a desired level 
of accuracy, the following formula (3) was used: 


kCv 
Vn 





Percentage error= 


where k=a constant defining the percentage of times the desired accuracy 
or better is to be attained (i e., k=1.96 when the desired level of accuracy 
is to be attained 95 percent or more of the time). Cv=coefficient of 


— 8 — 
variation or — where s=computed standard deviation and m=average 
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count per hemocytometer unit. n—number of hemocytometer units or 
l-mm. square areas counted. 


It has been shown (2) that counting particles in a hemocytometer leads 


‘ — — . ] 
to a Poisson distribution in which s= 1m or Co=—=- 
ym 
The level of accuracy arbitrarily set for the present procedure was 
90 percent, 95 percent of the time. 


By substitution in the above formula, a it is found 


yn ym 
384 -_ ; ; ’ 
that — In preliminary experiments, the actual variance, s?, among 


the units was twice the expected theoretical variance; thus the square of 
the coefficient of variation was doubled, and n became two times 384 or 
mXn=768 nuclei. 

The number of nuclei to be counted to attain an accuracy of 90 percent, 
95 percent of the time, thus lay between 750 and 800. 

An examination of the nuclear distribution in the hemocytometer 
indicated that a total of 30 to 45 nuclei distributed over each 1-mm. square 
area or hemocytometer unit was the most advantageous number for 
accurate counting. When higher numbers of nuclei were distributed in 
each hemocytometer unit, inaccuracies were introduced in counting that 
tended to raise the variance. When smaller numbers of nuclei were 
distributed in each unit, more units had to be counted. For these reasons, 
a total of 30 to 45 nuclei per hemocytometer unit was considered as the 
most workable range for accurate and rapid counting. 

As the counting technique was improved, operator differences became 
insignificant and accuracy increased. In the last 16 counts in which 
700 to 800 nuclei were enumerated from 11 different suspensions prepared 
and counted according to the procedure outlined in this paper, the errors 
ranged from 5.6 to 10.5 percent, with all errors but 1 less than 8.7 percent. 
These data are presented in table 4 together with 6 additional counts of 
suspensions that had a few microscopic clumps of nuclei. The slightly 
higher errors of these latter 6 counts illustrate the tendency for clumping 
to interfere with the accuracy of counting. 

In addition to the errors of counting, errors might be introduced during 
the processing of the living cells. The errors of processing may be esti- 
mated from determination of total-percentage error among replicate 
cultures counted at the time of planting. The total error, including 
differences among the flasks and errors from the processing and counting 
of the suspensions, was less than 10 percent in 9 experiments, in which 
3 to 6 flasks were enumerated in each experiment (1). Since the major 
part of the total error can be accounted for by the counting error and 
differences among flasks, the processing error appears to be negligible. 
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TABLE 4.—Accuracy of counting 























7 Average number | Percentage 

Pipette No | Suspension a of easel per : comet 

No. counted seems“ Yoneed gS 
1. 1 716 | 26. 5 8. 1 
2. 1 731 Ze. 3 6. 1 
3 1 702 26. 0 10. 5 
4_ 2 737 27.3 8.3 
5-_- 3 782 25. 6 6. 6 
S.. 3 772 | 42.9 7.3 
_ ee 3 727 | 40. 4 7.2 
8. 4 | 771 | 35. 1 7.4 
ears 4 | 771 | 35. 1 8.3 
10_. 5 | 800 | 27. 6 6. 4 
= 6 | 782 | 29. 0 5. 6 
12- 7 743 23. 2 7. 4 
13_- 8 764 28. 3 8.7 
= ; 9 766 | 47.9 7. 6 
ae : cataia 10 782 | 24. 4 | 7.3 
16__- aie 11 | 790 | 34. 4 | 8.0 
ie. 12 | 789 25. 5 | 28.7 
 -= si 13 | 727 22. 7 | 27.9 
ee waren > 14 782 | 55. 9 | 210.2 
seaaaecanean 15 | 785 | 60. 4 29.4 
a PEL ER 16 | 731 | 22. 8 | 29,2 
er ‘ 17 | 772 | 42. 9 | 711.1 





kCr ; , 
! Percentage error=—— where k=1.96, since the level of accuracy was computed for 95 percent of the time (95 
n 


v — . 
percent limits); Co=coetficient of variation; n =number of hemocytometer units counted. 
2 Small clumps of nuclei present in the suspension. 


DISCUSSION 


Methods used as quantitative measures of “growth” in tissue culture 
have been considered in a review by Cunningham and Kirk (4) which 
reveals many of the inadequacies of the procedures currently used. The 
present method provides an accurate measure of the numbers of nuclei 
present in a culture, and as such, may be used as a tool in the study of 
proliferation in cultures under varying experimental conditions. The 
method has an advantage over any chemical determination in that the 
nuclei of healthy cells and of cells in early stages of necrosis may be 
distinguished and differentially enumerated. The different stages of 
mitosis may also be distinguished. 

Although this method has been worked out in detail for one cell strain, 
the strain L mouse cells, the method should be applicable to other cell 
types. In preliminary trials, the method was satisfactory for the isolation 
of nuclei from cultured liver cells, but could not be used for a strain of 
chicken-heart fibroblasts, which had laid down a heavy fibrous matrix. 

In adapting nuclei-isolation procedures such as those of Dounce (64) 
and Marshak (7) for this quantitative method, certain modifications were 
introduced. In their procedures, tissues are ground either in a mortar, 
Waring blendor, or other high-speed mixer. Such grinding of the tissues 
damages or destroys a certain fraction of the nuclei (5). This step was, 
therefore, eliminated in the present method in which the nuclei in all 
living cells must be maintained intact. 
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we 
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Both in the present study and in the study by Dounce (6), a hypotonic 
solution of citric acid was more effective than a solution of higher osmotic 
pressure in isolating the cell nuclei. These results suggested that the 
isolation might possibly depend on a rupturing of cells produced by the 
hypotonic solution. If the cells were ruptured by the hypotonic solution, 
some nuclei might also be ruptured and destroyed when the citric acid 
first came in contact with the cells. To test this possibility cells were 
therefore studied by photomicrography before and after treatment with 
citric acid. This study revealed no instance of nuclear disruption or 
disintegration when citric acid was added. No obvious swelling or 
rupturing of cells occurred even after a period of 3 days of citric-acid 
treatment. Although the hypotonicity of citric-acid solution was ap- 
parently essential for nuclei isolation, the hypotonicity was not sufficient 
to cause recognizable swelling or rupturing of either cells or nuclei. The 
citric acid appeared to harden the nuclei and increase the fragility of the 
cytoplasm, so that subsequent shaking, centrifugation, and washing 
stripped the cytoplasm from the nucleus. 

To determine whether fixation of the cell nucleus by the citric 
acid was due to the specific action of the citrate-ion, or to the hydrogen- 
ion concentration, Marshak (7) treated liver and tumor tissues with 
5 percent acetic acid and 5 percent boric acid in place of citric acid. 
Nuclei could not be isolated after treatment with boric acid; but after 
treatment with acetic acid the nuclei could be isolated as readily as after 
citric-acid treatment. At a pH of 6.0, free nuclei could be obtained, but 
such nuclei were optically homogeneous. Nuclei showed granularity 
only when in a solution of a pH level of 5.0 or lower. The conclusion 
was drawn that evidently the separation of the nucleus from the cytoplasm 
and the coagulation of the nucleus are due to an increase in hydrogen-ion 
concentration and not to the action of a particular anion. 

In the present study the two acids, lactic and maleic, were tested in 
place of citric acid in an attempt to find an acid that might act more 
rapidly than citric acid. Although lactic acid, which has only a slightly 
greater dissociation constant than citric acid, was effective, the more 
highly dissociated maleic acid produced severe clumping of cells and 
inadequate fixation of nuclei for subsequent isolation, even after a pre- 
liminary saline washing of the cell suspension. 

The results of the present study and the observations of Marshak (7) 
suggest that citric acid may be replaced by acids of similar dissociation 
constant, such as acetic and lactic, whereas acids of lower or higher dis- 
sociation, such as boric and maleic, respectively, are ineffective. Both 
the fixation of nuclei for subsequent isolation and the sharpness of image 
of the nuclear membrane and chromatin appear to depend on the pH of 
the suspending fluid. 

Each step in the process of isolating cell nuclei and finally counting the 
suspensions may introduce some degree of error. Possible sources of 
error in this procedure may be listed as follows: 1) Loss of cells or nuclei 
in the supernatant fluids removed. 2) Loss of nuclei in the transfer of 
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suspensions from flasks to graduated cylinders. 3) Inaccuracies of 
measurement in the graduated cylinders. 4) Incomplete dispersion of 
nuclei during the transfer of suspensions from graduated cylinder to 
beaker or from beaker to pipette. 5) Sampling errors arising from in- 
complete dispersion of nuclei in the pipette at the time of charging the 
counting chamber. 6) Faulty technique in filling of the counting chamber. 
7) Inaccuracies in counting. 8) Leakage from inadequately sealed 
pipettes. 

Precautionary measures were introduced in the enumeration procedure 
to prevent certain of these errors, since in any quantitative technique 
accuracy is necessary at each stage of the method. The long-tip pipette 
and stationary racks for graduated cylinders facilitated the removal of 
supernatant fluids without serious agitation of packed nuclei. The ap- 
plication of a thin coating of petrolatum on the outer lip of the flask 
helped in preventing loss of drops of suspension in the transfers of suspen- 
sions from flasks to graduated cylinders. To prevent rapid sedimentation 
of particles and to aid in maintaining uniform suspensions, the suspending 
agent, methocel having a viscosity of 4,000 cps. was added to each suspen- 
sion. After considerable practice, each operator developed skill in 
charging the hemocytometer chamber. To prevent inaccuracies of 
counting, mechanical counters were used. An optical system, employing 
15 wide-field oculars with an 8-mm. achromatic objective gave a broad, 
flat field facilitating microscopic observation; and the crystal-violet 
staining solution further sharpened and defined the nuclear image. An 
adequate pipette-sealing device was developed that prevented accidental 
leakage of pipettes. 

With experienced operators, most of these eight possible sources of 
error could be eliminated. Of the eight sources, the incomplete dispersion 
of nuclei, particularly at the time of “sampling” or counting, appeared to 
be the most serious. If suspensions of nuclei contained even minute 
clumps of nuclei, such clumps tended to reduce the counting accuracy. 
Clumping was most frequently observed in suspensions prepared from 
densely packed cultures 4 to 5 weeks of age or from cultures of cells sus- 
pended in fluid of high-protein concentration. For such preparations, 
several preliminary washes with saline were found to be essential to 
prevent precipitation in the medium when the citric acid was added. 

In applying the enumeration procedure to the determination of prolifera- 
ation in replicate cultures, groups of cultures could be processed and the 
nuclei enumerated at intervals during the growth period. Within each 
group of cultures grown under the same environmental conditions, the 
total variance observed in the data consisted of the biologic variation 
between cultures or between flasks and the variations resulting from 
errors in processing and enumerating the nuclei suspensions. Th» total 
error could thus be separated into two components (8) as follows: 


, 2.37. , ; 
Total variance or s?=--+— in which: s,2=the count variance; n,.=the 
Ne 1 : , 
c t 
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number of nuclei counted; s?=the flask variance; n,=the number of 
flasks counted. 

The first component, the error due to the count procedure, could be 
reduced by increasing n,, or the number of nuclei counted. Although 
with the count procedure, an accuracy of 90 percent or better, 95 per- 
cent of the time, was attained by counting 27 hemocytometer units or 
approximately 800 nuclei, higher levels of accuracy could be attained by 
counting additional hemocytometer units or numbers of nuclei. For 
instance, to attain an accuracy of 95 percent, 95 percent of the time, 106 
hemocytometer units or approximately 3,200 nuclei could be counted. 
Since additional counting was both laborious and time consuming, the 
90-percent level of accuracy 95 percent of the time was selected as pro- 
viding a satisfactory, workable level of accuracy. 

The second component, the error due to differences between flasks 
or cultures, could likewise be reduced by increasing the total number of 
flasks used for a determination. In preliminary tests a total of 3 flasks 
was used for each determination. Increases in the numbers of flasks to 
be processed and counted slowed the determinations. With the method 
outlined, one trained operator could prepare about 36 cultures for count- 
ing during one working day, while 1 to 2 days were needed for the counts. 

By minor changes, however, the procedure may be altered to allow the 
rapid determination of a larger number of flasks in each experimental 
group. If, for example, 90 replicate cultures were planted in 1 experi- 
ment and were split into sets of 9 cultures each, for testing 10 different 
variables, the suspensions from each of 9 cultures might be pooled into 
3 lots of 3 cultures each, and the nuclei in each lot separately enumerated. 
With this modification, the error due to differences in flasks could be 
reduced; in addition, 1 trained operator should be able to complete the 
preparation and counting of the 90 cultures testing 10 variables at the 
assigned level of accuracy in about 2 or 3 days. This altered procedure 
thus appears feasible for large-scale experiments. 


SUMMARY AND CONCLUSIONS 


A procedure has been developed by which the nuclei from cultures 
grown on surface substrates such as cellophane or glass, may be quanti- 
tatively removed from the substrate and enumerated. Each culture was 
treated with 0.1 M citric-acid solution. The cell nuclei werei solated by 
at least two centrifugations at 1,100 and 1,800 r.p.m. for 20-minute periods, 
and were resuspended in a known volume of 0.1 M citric acid containing 
a final concentration of 0.25 percent methocel of 4,000-cps. viscosity and 
1 ml. of 0.1 percent crystal-violet solution. The nuclei suspension was 
drawn into a specially designed pipette for use in a Bryan-Garrey blood- 
cell-counting rotor. After uniform dispersion of the nuclei in the pipette, 
the nuclei were enumerated in a standard hemocytometer. In such a 
preparation, nuclei in mitosis, normal resting nuclei, and the nuclei of 
cells in early stages of necrosis could be distinguished. With this method, 
a counting accuracy of 90 percent, or better, 95 percent of the time was 
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attained. This procedure used in conjunction with the procedure for 

preparing and handling large numbers of replicate cultures provides a 

technique for following, accurately and easily, changes in the number of 

nuclei in cultures under experimental study. With the slight modifica- 

tion suggested of pooling cultures, one trained worker should be able to 

prepare and count 90 cultures testing 10 variables at the assigned level of 

accuracy in about 2 or 3 days. 
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PLATE 78 


FicureE 1.—Strain L mouse cells growing under perforated cellophane in D-3.5 Carrel 
flask. X 400. 


Ficure 2.—Cells of the same field as figure 1 after 1 hour’s treatment with 0.1M citric 
acid. X 400. 
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PLaTE 79 


Ficgtre 3.— Cells of the culture of figures 1 and 2 after citric-acid treatment and after 
shaking the flask. Note the clearly defined mitotic figure. 400. 


Figure 4.—A washed, unstained suspension of nuclei of strain L mouse cells fixed 
with citric acid. Note the mitotic figures. This photograph is slightly out of focus 
to sharpen the nuclear outline. 400. 
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PLATE 80 


Fictre 5.—An almost completely necrotic culture of strain L mouse cells grown un- 
der perforated cellophane. This culture was allowed to become necrotic by not 
renewing the culture fluid. X 200. 


Figure 6.—Same culture as that of figure 5 after 0.1 M citric acid was added. At 
the higher magnification used for counting. the nucleus indicated by the arrow would 
be enumerated as a healthy nucleus, while nuclei such as that indicated by the 
crossed arrow would be counted as necrotic cell nuclei. X 200. 
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PLATE 81 


Figure 7.—Strain L mouse cells growing in plasma clot in D-3.5 Carrel flask, photo- 
graphed at the glass interface of the culture. 400. 


Figure 8.—Cells of the same field as figure 7 about 15 minutes after 0.1 M citric acid 
was added. <x 400. 
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PLATE 82 


Figure 9.—Cells of the culture of figure 7 after citric acid was withdrawn and the 
culture was washed with a nearly saturated solution of Na,CQO;. 400. 


FiccreE 10.—Cells of the same field as figure 9 after initial treatment with citric acid, 
wash with solution of Na2CQOs;, and final wash with citric-acid solution. < 400. 
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THE EXCRETION OF RADIOACTIVITY 
DURING A FOUR-DAY PERIOD FOLLOW- 
ING THE FEEDING OF CARBON 14-LA- 
BELED 2-ACETYLAMINOFLUORENE TO 
RATS !? 


Joun H. WetsspurGER, EvizaBetH K. WEISBURGER? and 
Haroutp P. Morris, National Cancer Institute, National 
Institutes of Health, U. S. Public Health Service, Bethesda, 
Md. 


INTRODUCTION 


The excretion of diazotizable material in the urine of rats fed 2-acetyl- 
aminofluorene (AAF) was found by Morris and Westfall (7) to be related 
to the individual dose and the interval between doses. This was estab- 
lished by the use of a colorimetric chemical method based on the presence 
of an aromatic amino group. A maximum of 45 percent of the dose was 
recovered after an intake of 16.0 mg. per 100 gm. of body weight per 
week administered in 3 equal stomach-tube instillations. Negligible 
amounts were found after the ingestion of 0.25 mg. per 100 gm. of body 
weight per week. This suggested that the rat could metabolize a certain 
quantity of AAF with destruction or masking of the aromatic amino 
group, while larger doses would spill over into the urine as metabolites 
still containing the diazotizable group. No diazotizable material was 
found in the feces, irrespective of the dose fed. In the present investiga- 
tion tracer techniques, as used in a study of the distribution of AAF 
(6), were applied to the problem of the excretion of the carcinogen in 
order to gain a more complete picture of the disposal of ingested AAF 
by rats. 

METHOD 


Young female Buffalo rats, weighing 120 gm. were given by stomach 
tube a solution of either AAF-9-C™ or AAF-w-C* in propylene glycol 
at the level of 10 mg. per 100 gm. of body weight and placed in a metab- 
olism chamber. This was built from a 3-liter round-bottom flask pro- 
vided with air inlets and outlets, and tubes for the separate collection 
of feces and urine.‘ The top of the cage was made air-tight by being 


1 Received for pu blication October 17, 1950. 

2 The radiocarbon used in this investigation was obtained on allocation from the United States Atomic Energy 
Commission after being synthesized into 2-acetylaminofluorene by F. E. Ray and C. R. Geiser (8). 

3 Research Fellow, National Cancer Institute, U. S. Public Health Service. 

‘Dr. 8. Wollman, National Cancer Institute, is the original designer of these chambers. 
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closed with two sheets of dental rubber, between which was inserted a 
metal disk of slightly larger diameter than the top opening of the cage. 
The animals had free access to food and water. 

Carbon-dioxide-free air was drawn through the system at the rate of 
300 ml. per minute. The exhaled carbon dioxide was collected in a solu- 
tion of sodium hydroxide. This was made by diluting a 50-percent 
solution of sodium hydroxide (2 ml. for each hour of the collecting period) 
to 80 ml. (volume of absorbing tower) with carbonate-free water. Frac- 
tions were collected at the intervals indicated in table 1. For analysis, 
the solution contained in the tower was made up to an exact volume, and 
barium carbonate precipitated from an aliquot, after the addition of 
ammonium chloride in an amount equivalent to the sodium hydroxide 
originally present. The carbonate was plated and counted. 

The urine, in weighing bottles, was taken to dryness in a vacuum 
desiccator in order to obtain the specific activity of the dry residue. 
After being weighed, the residue was dissolved in water and made up to 
5 ml. To a 1-ml. aliquot in an ice bath, 1 ml. of fuming sulfuric acid 
(20 percent SO;) was added carefully, and the two layers were mixed 
slowly. The resulting solution was submitted to the wet-combustion 
method of Van Slyke, as described previously (6). 

At the end of 88 or 96 hours in the metabolism cage, the animal was 
killed by heart puncture, and the more important organs and tissues 
were dissected. The feces and tissues were analyzed for radioactivity 
by the procedure given in the preceding paper (6) of this series. 


RESULTS 


The rapid removal of the acetyl group of AAF, already reported by 
Morris, Weisburger, and Weisburger (6), was corfirmed by the high 
radioactivity of the respired carbon dioxide from rat No. 6 receiving AAF- 
w-C™ (table 1). The specific activity of the barium carbonate (counts 
per minute per milligram of barium carbonate) was fairly high at the 
beginning of the experiment and reached a maximum between the 2d 
and 4th hours. It then declined somewhat to the 30th hour, when the 
drop in activity was more rapid. After the 48th hour relatively small 
amounts of activity were observed. In 88 hours a total of 40.6 percent 
of the recovered activity had been excreted in the breath. 

The maximum specific activity of the urine occurred between the 23d 
und 30th hour, but high activities were found from 0 to 48 hours. After 
that a rather sudden decline was observed. The urine accounted for 
36.5 percent of the total recovered activity. The feces contained 11.8 
percent of the total recovered activity. The highest specific activity of 
the feces was reached in the 30- to 36-hour period, with high levels between 
12-48 hours and a rapid decline in specific activity after 48 hours. 

At the end of 88 hours, 11.1 percent of the recovered activity remained 
in the animal (table 2), the carcass accounting for 7.3 percent and the 
gastrointestinal tract for 1.6 percent. The specific activity of fatty tissue 
was on the average somewhat higher than that of muscular tissue. The 





> 
or) 
™~ 


EXCRETION OF RADIOACTIVITY 






















































































9 ‘82% | ‘ie: 000 ‘ZEr | 8 ‘€9 ' Pedic ates | 000 ‘#96 8 0 ---"="| 000 ZI 
6 | SF O02 ‘EI z= | 02 029 ‘9 - 80 002 ‘% % : 96-28 
£° | LL 000 ‘OI _ x6 06 ‘PF 90° ¢0° 000 ‘T : 2 pte ~~ “68-02 
2 9FT 000 ‘6I Pv - 0€ 0SZ ‘9 80° 40° es: | Ge eee ee OL-8¢ 
0'€ LES 008 “Sr 6° G9 000 ‘ST ze :- 008 ‘TI Z K ae 
. Z0¢ 002 ‘22 vZ LOT 00¢ ‘98 s 80° 002 ‘T Pipa ai ple aan ois F 8 ~""“QP-E 
9 ZI rS9 000 ‘68T PbS O6I ‘T 000 ‘898 gO ° 90° 089 e ’ ae. 
8 O9¢ 000 ‘ZZI G ES OIL ‘I 000 ‘PSs i 80° 00S ‘T ‘ ae 
ee ae nah ey Gertaceah = 06 O18 000 ‘9ST ¢c0- 60° 06 if ~~“ OI-* 
ea eee Ye i ttt 9% 89¢ 008 ‘8¢ tO 0 10 009 vw \ - ” ~“$-0 
1O-6G-AVV “Su 2ZO'ZT ‘UOINlos *Tu-, “ws PZT “9M ‘2 “ON 9BY 
| | 
8 ‘II |- daitnbtis | 000 ‘IIT ¢ 9E - ee a | 000 ‘Ere | 9 OF - phlei. | 000 ‘T8¢ 
(a 0 ‘61 OFZ ‘% ¢0° 6 °F CSP | Z° a OFS ‘T i dias Ser ae 88-F8 
9° 0&4 OLS ‘¢ . £°9 Ors . y° OFS ‘ - eee ae P8-8L 
nh aaa roe eS ea O25 Ogee aes i i tie te wae © & A OSI ‘ r nna 
Z% 019 009 ‘02 Z Ol OF8 ‘T a | . 002 ‘IT === ""l-00 
fea. eae et ie c- 8 EI 089 ‘I i a \ a O&l ‘FP z ~~ 09-F¢ 
ee tee ee a ets aS eg 0 '€€ O€8 ‘T ¢° ¢° 008 ‘F . : ~~“ $S-B8P 
8'T I O21 00S ‘9T 9% L Z2l 008 ‘FZ £3 i | 00S ‘IZ ; ; 8h-98 
¢‘¢ 9 ‘P6I 006 ‘TS 6 ‘2 8 ‘8LP | 000 ‘PZ 0'€ b@ OOF ‘82 % ri 7 98-08 
aimee A a RR I + Z ‘668 000 ‘SET 08 [9 002 ‘SZ Hitech “08-3 
cil | 2 821 | 008 ‘ST pg L ‘8LE 000 ‘O¢ 9 ‘TI 09 000 ‘601 : : £2-61 
oN a ‘f 67% 0 992 000 ‘22 I '¢ 8 'P 008 ‘LP ~~""SI-9 
a wietx 5 aires 0 '¢ 9 ‘E9I1 008 *22 | (AG £6 00L ‘02 9-¥ 
aR! ai aes, a pita wats ; “| 63 8 ZI OOL ‘LZ A ep Ss b-Z% 
as | : | ‘ vite | oe eect ty | ; | vS 8 6 OOL ‘ZZ ‘ ; i oo 
[8301 Jjo% 108 ‘oedg | *uru/"d [VIO [e103 Jo% AVWAT ‘Vodg “uyul/"d [BIOL [8107 Jo% | AVWArTOV “9adg | ‘uTU/*d [e}0, 
- — — es a oe — ———— o SinojyT 
Soo | | oul £00 posldsey 








HO-M-AVV ‘Sul e6'Z, ‘UOTNy[os ‘ju-, “Ws OZ “4M ‘9 ‘ON 4B 


auasonyfourmnphjaI0-g p2}aqn]-,) fo uoynjos 200/76 auajfidosd v fo uoynsjsturtmpn pos0 4azf0 Jo4 ay) Ut fipraryovoipos fo UorljasIz—[ ATAV, 





ll 

nt 

sd 

er 
or 
of 
en 
ed 
he 
ue 
he 





800 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Harderian glands had the highest specific activity of all tissues or organs, 
being four times larger than the next highest (cecum and contents) and 
approximately ten times larger than the average specific activity of most 
organs. 

The inability of the rat to oxidize significant amounts of the 9-carbon 
atom of the fluorene nucleus to carbon dioxide was demonstrated by the 
negligible amount of radioactivity in the breath of rat No. 7 fed AAF- 
9-C“. The activity found over a period of 96 hours was close to the 
limit of experimental error and the values shown (table 1) are not sig- 
nificant. 

The major path of excretion, on the other hand, seemed to be via the 
urine, which in 96 hours accounted for 63.8 percent of the total recovered 
activity. A high level was encountered in the urine from the beginning 
of the experiment, a maximum being observed between the 10th and the 
34th hour. In that period 48 percent of the total activity was recovered. 
Thereafter a sudden decrease took place, and relatively low activities were 
excreted between 34 and 96 hours. 

A considerable portion of the activity, 28.6 percent, was eliminated in 
the feces in 96 hours. The peak specific activity in the feces occurred in 
the period between 10 and 46 hours, with a maximum at 22-24 hours. 


TABLE 2.—Distribution of radioactivity in the rat after oral administration of a propylene 
glycol solution of C-labeled 2-acetylaminofluorene 





solution; 12.93 mg. AA F-w-C# solution; 12.07 mg. AAF-9-C™ 





| 


| Rat No. 6, wt. 120 gm.; 88 hr., 1 ml. | Rat No. 7, wt. 124 gm.; 96 hr., 1 ml. 
| Total | Spec. Percent 
| 
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Moderate amounts were found up to the 70th hour, and relatively small 
quantities after that time. 

After 96 hours this animal retained 9.6 percent of the recovered activity 
(table 2), of which 4.3 percent was in the carcass and roughly 1.3 percent 
in the gastrointestinal tract. The blood, bladder, kidneys, and liver had 
the highest specific activity, and the Harderian glands a fairly high 
activity. 

DISCUSSION 

Since more than 40 percent of the ingested activity of AAF-w—C" 
appears in the breath as C"O,, it must be inferred that deacetylation 
of AAF occurs to at least that extent. Moreover, some of the activity 
in the urine, feces, and organs may be attributed to compounds result- 
ing from the metabolism of acetate, separated from the fluorene portion 
of AAF. The present study permits no quantitative conclusions as to the 
extent of deacetylation in vivo, except that the minimum is approximately 
40 percent. In view of this finding, it is not clear why AAF in many 
experiments (5, 10) appears to be more carcinogenic than 2-aminofluorene 
(AF) and causes more widespread tumors. Possibly the deacetylation is 
reversible, so that the radioactivity observed in the breath and tissues 
results from an exchange of the labeled acetate from the side chain and 
the acetate from the body pool. 

In rat No. 6, lipoid-rich tissue, such as the brain, had a higher activity 
than inrat No. 7. This finding suggests that after removal of the acetyl 
group of AAF-w-C™, part of the labeled acetate may be incorporated 
into the body fat. 

The fact that over a period of 4 days insignificant amounts of activity 
appeared in the breath of a rat fed the 9-labeled compound shows that 
neither AAF itself, nor any of the possible breakdown products, are 
oxidized in vivo with liberation of the 9-carbon atom as carbon dioxide. 
This inability of the animal to convert fluorene to carbon dioxide paral- 
lels the findings from tracer studies with 1,2,5,6-dibenzanthracene-9,10—C 
(4), Benadryl-a-C™ (2, 3), Methadone-2-C™ (1), and Pentobarbital- 
2-C* (9). 

Only 36.5 percent of the activity given as AAF-wC™ was excreted 
in the urine, while the urine was the major path of excretion of the 9- 
labeled compound, with 63.8 percent eliminated in this manner in 4 days. 
The excretion of activity in the urine began immediately after the ad- 
ministration of either labeled compound, and reached the highest levels 
up to the 34th hour for AAF-9-C" and the 48th hour for AAF-w-C*%, 
Thereafter, a sharp, pronounced decrease in urinary activity took place. 
At those times approximately 81.7 and 82 percent, respectively, of the 
total activity had been excreted. This may be compared to a maximum 
of 45 percent of the dose recovered in the urine by Morris and Westfall 
(7) over a period of 1 week. Moreover, these authors found no diazo- 
tizable materials in the feces after ingestion of AAF, while in this research 
28.6 percent of the activity after feeding the 9-labeled compound was 
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accounted for in the feces. The compound or compounds carrying the ac- 
tivity, therefore, could not have been aromatic amines. This indicates that 
AAF undergoes a considerable transformation in the course of its metabo- 
lism in the rat. Experiments now in progress using rats with biliary fistulas, 
will perhaps throw some light on the possible loci of these reactions. 

A concentration of AAF or metabolites in certain target organs is still 
apparent 96 hours after the feeding of a single dose of AAF-9-C™. Dis- 
regarding the gastrointestinal tract, the specific activity of the following 
organs was significantly higher than the carcass level: liver, kidneys, lungs, 
bladder, blood, spleen, and Harderian glands. The activity of most 
organs, as expected, was lower than previously reporte< (6) for the dis- 
tribution 6 hours after feeding the labeled compounds, indicating a pro- 
gressive elimination of the metabolites over a period of several days. 


SUMMARY 


The excretion of radioactivity by rats over a period of approximately 
4 days after a single dose of w-C™ or 9-C™ labeled 2-acetylaminofluorene 
(AAF) is reported. 

The breath contained insignificant amounts of radioactivity after 
feeding AAF-9-C™, while more than 40 percent was found after feeding 
AAF-w-C™. The long-term experiments thus confirm the occurrence of 
the deacetylation of AAF in vivo found in short-term experiments. 

The urine accounted for 63.8 and 36.5 percent of the activity from the 
ring-labeled and the side-chain-labeled compounds, respectively. Thus, 
the urine was the major path of excretion of the activity from AAF-9-C*. 

The feces contained 28.6 percent of the recovered radioactivity from 
the AAF-9-C"™. This is in striking contrast to the failure to detect AAF 
in the feces by tracer studies of 6 hours or less in duration, or by chemical 
methods depending on the presence of a diazotizable amino group. This is 
the first evidence that the feces contain important metabolites no longer 
diazotizable. 
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THE EFFECT OF INGESTION OF THIOU- 
RACIL ON STRAIN C MICE! 


Harotp P. Morris, Cet1a DuBNnIK GREEN, and ALBERT 
J. Darton, National Cancer Institute, National Institutes 
of Health, U. S. Public Health Service, Bethesda, Md. 


The use of an antithyroid compound, thiourea or thiouracil, to specif- 
ically block the secretions of the thyroid gland has been shown to produce 
and maintain a hormonal imbalance for prolonged periods(/-4). When 
such a procedure was initiated in virgin strain C3H female mice at an 
early age there resulted a drastic arrest in mammary-gland development, 
a reduction in the number of hyperplastic nodules, and a pronounced 
lowering of the incidence of spontaneous mammary tumors. Estrous 
cycles were irregular or infrequent (2). The hyperplasia and hyper- 
trophy of the thyroid gland were accompanied by adrenal and pituitary 
changes, and atrophy of the ovaries and uterus. Thyroid metastases 
to the lungs of treated mice were frequently observed (3). 

It was recognized that other strains of mice might differ in their sus- 
ceptibility to the creation or maintenance of a hormonal imbalance pro- 
duced by antithyroid compounds. The object of this experiment, there- 
fore, was to compare the response of another inbred strain of mice to the 
prolonged ingestion of thiouracil, in order to determine whether or not 
the effects on thyroid neoplasia (5), mammary-gland development, and 
spontaneous mammary-tumor formation observed in the C3H female 
mouse could be duplicated. The strain C mouse was selected because 
presumably the virgin C female has two of the three factors necessary 
for the development of spontaneous mammary tumors; 2. e., hereditary 
susceptibility and a favorable hormonal balance. The milk agent could 
be introduced by foster-nursing by C3H dams. 


MATERIALS AND METHODS 


Virgin strain C (B alb C) mice obtained from the N. C. I. colony after 
having been foster nursed by strain C3H mothers were divided at 10 
weeks of age into 2 groups comprising 62 control and 65 thiouracil-fed 
mice.? The diet, similar to the one used previously (2), was composed 


1 Received for publication October 23, 1950. 

2 Seventeen additional foster-nursed females were fed the thiouracil diet, and sacrificed for histologic exami- 
nation at various intervals during the early part of the experiment. A final group of non-foster-nursed virgin 
females was divided into 2 groups of 10 controls and 12 thiouracil-fed animals. Non-foster-nursed animals were 
included to study the effect of treatment in the absence of the milk agent. 
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of natural foodstuffs. This diet, containing at the start 0.37-percent 
thiouracil,? was fed to the experimental mice for 26 weeks and then the 
amount of drug was raised to 0.5 percent. Vaginal smears were taken 
daily, except Sunday. Whole mammary-gland mounts were prepared 
according to the technique of Morris, Dubnik, and Dalton (1). All 
animals were weighed weekly throughout the experiment. Tumor-bearing 
mice were killed when their mammary tumors attained a diameter of 
0.5-1.0 em. Non-tumor-bearing animals were sacrificed when death 
appeared imminent. 


EXPERIMENTAL RESULTS 


Bopy WEIGHT 


Two groups of virgin C female mice, comprising 57 * and 62 animals, 
increased in average body weight at the same rate, until after the addition 
of thiouracil to the diet of the former group (text-fig. 1). Growth as in- 
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TEXT FIGURE 1.—Average body weights of control No. 77 and thiouracil-treated 
No. 145 mice. 


dicated by the body weight of the treated animals slowed down consider- 
ably after thiouracil ingestion was begun, with an average body-weight 
increase of approximately 1.5 grams during the first 26 weeks of the experi- 
ment. A slight drop in average weight resulted after that time, when the 
thiouracil level was raised, and there was approximately a 6-gram differ- 
ence in average weight between the 2 groups beyond about the 26th week 
of treatment. 
Estrovus CrcLes 


No vaginal smears were obtained in the control animals, but smears 
were taken of the treated group during the period of thiouracil ingestion. 
Of the 62 animals examined during the first month of thiouracil ingestion 
95 percent were in estrus at least once [text-fig. 2A (three animals that 
died early in the experiment were excluded)]. Thereafter, the percentage 
of animals undergoing estrous cycles dropped continuously, and from the 
7th through the 13th month approximately 17 percent of the group were 


3 Thiouracil was generously supplied by the Lederle Laboratories, Pearl River, N. Y., through the courtesy 
of Dr. 8. M. Hardy. 


‘ Eight treated mice dying between 3 and 12 weeks of thiouracil ingestion were excluded from the average. 
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cycling. About 50 percent of the animals were still undergoing sporadic 
estrous cycles after the 13th month, but the same animals were not in 
estrus each month. The average number of estruses per month varied 
from a maximum of 2.6 to a minimum of about 1.3, with a slight rise 
occurring after the 12th month (text-fig. 2B). 
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TeExT FIGURE 2.—Estrous behavior of thiouracil-treated mice. 





A. Percentage of animals manifesting estrus each month. (The number above 
each bar represents the number of animals alive.) 
B. Average number of estrous phases per month. 


MaAMMARY-GLAND DEVELOPMENT 


The mammary-gland structure of both control and treated mice showed 
considerable variation, which was further complicated by age and foster 
nursing, and in treated animals by the additional effects of thiouracil 
ingestion. In order to note and describe these changes, the duct diameters, 
the degree of lateral budding, the complexity of branching, and the extent 
of involution or under-development, as the case might be, were graded 
numerically as follows: 

A. Duct diameter: 1=majority of ducts, thin or hairlike in character 
(figs. 5 and 8); 2=normal distribution of narrow to wide ducts (fig. 2); 
3=dilatation, side branches wider than duct or origin (figs. 1 and 4). 

B. Lateral budding: 0=none (fig. 4); 1=scattered (fig. 6); 2—moder- 
ate (fig. 3); 3=— abundant, (figs. 1 and 2). 
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C. Branching: 1=simple (fig. 5); 2=intermediate (fig. 4); 3=com- 
plex (fig. 2). 

D. Atrophy or underdevelopment: 0=none (fig. 2); 1=involving 
peripheral % of gland (fig. 6); 2=involving peripheral % of gland (fig. 7); 
3=both baSal and peripheral regions involved (fig. 4). 


ConTROL ANIMALS 


The great amount of individual variation in the gross anatomy of the 
mammary glands of the 42 control animals examined, ranging in age from 
131 to 612 days, did not entirely obscure some patterns of progressive 
change. There was a tendency for side ducts to be wider than their ducts 
of origin, (figs. 1 and 4, ef. fig. 2). Ducts 3 to 4 times the diameter of 
comparable ducts in younger animals were frequently present, especially 
in the basal region of the gland. The glands of all animals examined after 
200 days of age showed this tendency in varying degree. 

The amount of lateral budding and complexity of branching increased 
with advancing age. The peak of such development was reached during 
the 300- to 400-day-age interval, when budding was most profuse and 
branching most complex. There was a tendency toward varying amounts 
of involution after 400 days, (fig.4). The earliest evidence of atrophy was 
seen in a 250-day-old animal and consisted of loss of budding and peri- 
pheral side branches ending in blunt or rounded projections. Involution 
was consistently present in animals sacrificed beyond 425 days of age. 
There was also a tendency for some peripheral ducts in the older animals to 
become somewhat narrower, but the dilated ducts were still present in the 
oldest animals. 

Hyperplastic nodules, or areas of alveolar hyperplasia, were present in 
the mammary glands of 25 of the 42 foster-nursed control animals. The 
earliest nodules observed were in an animal killed at 188 days of age. Six 
of the 25 animals with mammary tumors did not appear to have any 
hyperplastic nodules, while nodules were present in 6 animals without 
tumors. There were 81 nodules in 24 mice, or an average of 3.7 nodules 
per animal, while the 1 other nodule-bearing animal had 51 areas of 
alveolar hyperplasia. 

The mammary glands of 12 non-foster-nursed control mice of the same 
strain and age distribution as the foster-nursed controls were also examined. 
This group presented roughly the same mammary picture; i. e., ductal 
dilatation in some glands, although budding did not appear to be as exten- 
sive as in the foster-nursed animals. The essential difference was the 
absence of hyperplastic nodules. 


THIOURACIL-TREATED ANIMALS 


The mammary glands were examined from 58 thiouracil-treated foster- 
nursed animals ranging from 124 to 822 days of age. These glands 
presented not only considerable variation from animal to animal of the 
same age but also variations in different glands from the same animal 
(figs. 3 and 5). The ducts of the glands from treated mice, in contrast to 
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the control glands, were considerably reduced in diameter, and the pro- 
nounced tendency toward localized dilatation of individual ducts was not 
very evident. Scattered ductal dilatation was sometimes present but on a 
greatly reduced scale (fig. 7). The lateral ducts were usually quite thin 
and sometimes almost hairlike in appearance (figs. 5-7). Lateral budding 
was sparse even in young animals (fig. 8), and the increase in acinar 
structures, which occurred in control animals, was observed in the treated 
animals but to a lesser extent about 150 days later, when the animals were 
between 450 and 550 days of age (figs. 3 and 6). Ductal branching was 
reduced in the treated animals, and the glandular tree never reached the 
complexity or extent attained by the control animals. 

Hyperplastic nodules appeared in only two animals, a total of six was 
present. 

The entire mammary pattern of non-foster-nursed, treated mice was 
much simplified, and little or no acinar structures were present. There 
was a slight tendency for ducts to become even more slender with in- 
creasing intervals of treatment, and no ductal dilatation was present. 
Hyperplastic nodules were not observed in glands of non-foster-nursed, 
treated mice. 

The arbitrarily assigned numerical values used in grading the levels of 
structural development were summarized by 100-day intervals. No 
values beyond 600 days were used because too few animals remained. 
An estimation of mammary development by use of such a scheme was 
thus obtained. The average values indicate that the control levels for 
branching, ductal diameters, and budding were almost always higher 
than those for the treated mice, and the involution levels were reversed, 
being higher for the treated than for the control mice. 


SuRVIVAL aND Tumor INCIDENCE 


The survival of the 2 groups was similar, with an average of 373 days 
for the 62 control and 398 days for the 65 thiouracil-treated animals. 

Mammary tumors appeared only in the control group. Forty-eight 
percent of 60 control animals, 20 weeks of age or older, developed tumors. 
The first tumor appeared in an animal 161 days old and the last in a mouse 
515 days old, with an average age at tumor appearance of 362 days. 


DISCUSSION 


Strain C mice after ingesting thiouracil for avout 12 weeks ceased in- 
creasing in body weight; thereafter, they were on the average about 20 
percent lighter than their controls. In the thiouracil-treated C and C3H 
mice this average retardation in weight took place to about the same ex- 
tent and at about the same time (2). The same concentration of thioura- 
cil, during the same age period, was given to both C and C3H mice. 

The effect of prolonged thiouracil ingestion on estrous behavior in strain 
C mice was somewhat different from that produced in strain C3H. 
Complete suppression of estrus occurred in all C3H mice after 4 weeks 
of treatment and persisted for about 6 to 8 weeks. Estrous inhibition 
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in strain C animals was not so drastic, and it was only after 20 weeks 
of treatment that 75 percent of the animals showed temporary cessation 
or irregularity of estrous cycles. 

Since the mammary-gland patterns of strains C and C3H mice are 
different, specific comparison of structural changes are difficult. The 
trends, however, are similar. The glands of treated mice of both strains 
possessed a much simpler mammary structure than their respective con- 
trols, and in both strains only about 3 or 4 animals had glandular develop- 
ment comparable to a control animal of similar age. Hyperplastic 
nodules or areas of alveolar hyperplasia were considerably reduced in 
both strains. The reduction in the number of nodules seemed to be more 
complete in the strain C gland, but perhaps the inhibition appeared more 
evident because the potential sites for their development were less 
numerous. 

The greatest increase of mammary development and the most complex 
glands were found in the control strain C mice in the 300- to 400-day 
interval. The greatest arborization of the glands in the thiouracil- 
treated animals, however, was not noted until 150 days later, between 
450-550 days. The few hyperplastic nodules that appeared in treated 
mice were found only during this later age interval. Estrous activity 
also increased during this 450- to 550-day period. The interval of 
decreased estrous activity occurred during the age interval in which 
mammary glands showed the least development. Huseby and Bittner 
(6) reported an increase in lateral budding in normal strain Z mice during 
the 300- to 400-day age interval. This increased budding was not appar- 
ent in either the control or the thiouracil-treated strain C3H mice (2). 

Mammary-tumor production was completely suppressed in the C 
animals ingesting thiouracil, in contrast to an incidence of 19 percent in 
treated strain C3H mice; the absence of tumors in treated C mice may be 
related to the lower tumor incidence in control C mice compared to the 
much higher incidence in control C3H mice. 

The average survival time of the two strains was quite similar—398 
days for treated C mice compared to 436 days for treated C3H animals. 
Control C mice lived, on the average, 25 days less than the treated animals, 
while in the experiment on the strain C3H mice the difference in survival 
time between control and treated animals was 37 days. 

The effects of prolonged ingestion of thiouracil, allowing for minor 
differences attributable to strain individuality, were, in general, quite 
similar in both strains. Normal estrous cycles were disrupted. De- 
velopment of the mammary glands showed widespread inhibition, and 
formation of hyperplastic nodules was almost completely suppressed. 
Thyroid glands of both strains increased in size, yet only one case of 
pulmonary metastasis of thyroid tissue was found in strain C mice com- 
pared with the 11 cases in strain C3H (3). Despite the similar effects 
in the 2 strains, the correlations observed in strain C3H between thy- 
roid-gland enlargement, mammary-gland development, and body weight 
were not present in strain C. One explanation, perhaps, for the apparent 
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lack of correlation could be that the range in thyroid weights in strain C 
mice was much less than occurred in strain C3H. 

The mammary glands of the treated C animals were also much simpler, 
so that differences between animals was less obvious and could not be as 
readily or as accurately classified into stages of progressive development. 
The difference in results between the two groups, however, may be con- 
sidered one of degree. This would suggest that the same sequence of 
changes takes place in both strains, and that the same mechanism involving 
the production of a hormonal imbalance not necessarily attributable to 
poor nutrition (2) is operable. 


SUMMARY 


The effects of ingestion of thiouracil by foster-nursed virgin strain C 
(B alb C) mice at a dietary level of 0.375 and 0.5 percent from 10 weeks of 
age until death were studied. 

The treated mice weighed on the average about 20 percent less than 
their foster-nursed controls. 

Estrous cycles of animals ingesting thiouracil were partially suppressed, 
and their mammary glands failed to develop to any appreciable extent. 

Hyperplastic nodules were absent in all but 2 of 62 treated animals. 
Twenty-five of the 62 control animals developed hyperplastic nodules. 

No mammary tumors arose in 62 mice tbat ingested thiouracil, while 48 
percent of 62 control animals developed tumors. 
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PLATE 83* 


Figure 1.—Control animal, #3370, 350 days old. Mammary development as exten- 
sive as in figure 2 but with greatly dilated ducts and numerous hyperplastic nodules. 


Figure 2.—Control animal, #3412, 188 days old. Maximum amount of lateral 
budding and ductal branching, no dilatation of ducts. 


Figure 3.—Thiouracil-treated animal, #3335, 511 days old. Profuse lateral budding, 
intermediate type branching, beginning dilatation of ducts. 


Figure 4.—Control animal, #3392, 360 days old. Complete absence of lateral budding. 
Ducts thickened, one small hyperplastic nodule present. 


*Whole mounts of mouse mammary glands. X 9. 
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PLaTE 84* 
Figure 5.—Thiouracil-treated animal, #3321, 458 days old. Scattered end buds, 
ducts generally thin and hairlike with a slight suggestion of scattered ductal dilata- 
tion, simple branching of ducts. 


Figure 6.—Thiouracil-treated animal, #3345, 590 days old. 


Lateral budding present 
in bass 


al half of gland; in peripheral half of gland branching simple with almost no 
alveolar budding. 


Figure 7.—Thiouracil-treated animal, #3346, 694 days old. Scattered end buds, 
very simple branching, majority of ducts considerably reduced in diameter but 


some scattered ductal dilatation present. 


Figure 8.—Thiouracil-treated animal, #3360, 161 


days old. Note similarity to 
mammary glands shown in figures 5 and 7. 


*Whole mounts of mouse mammary glands. X 9. 
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PRODUCTION OF MALIGNANCY IN 
VITRO. XII. BEHAVIOR OF RECOVERY 
CULTURES *? 


Emma SHELTON,’ and WILTON R. Ear.e, National Cancer 
Institute, National Institutes of Health, U. S. Public Health 
Service, Bethesda, Md. 


INTRODUCTION 


A preceding article in this series (1) describes the origin of 7 strains of 
fibroblasts, designated HW, D, H, J, L, N, and O, from the subcutaneous 
connective tissue of the strain C3H mouse and describes their subsequent 
behavior in culture. After exposure to the carcinogen, 20-methylcholan- 
threne, for varying periods of time, culture strains, H, J, L, N, and O gave 
rise to tumors when injected into strain C3H mice (2). Untreated control 
cultures of strains HW and D also produced tumors when injected into 
mice. 

When these cell strains had been grown long enough in culture to permit 
analyses of their morphology and growth characteristics, and after they 
had been implanted into mice where they produced tumors that were 
carried by subinoculation for a period of years, the question arose, Will the 
cells from these tumor strains, when cultured, resemble the parent cultures 
that gave rise to the tumors? The initial purpose in culturing tissues from 
the 7 tumor strains reported bere was to determine whether the tumor cells 
would preserve certain defined characteristics of the parent cultures after 
growing for a long period of time in vivo, or whether the physiology of the 
host would alter these characteristics. 

In order to distinguish the cultures of the original cell strains from the 
cultures of the tumor strains, the latter will be termed “‘recovery’’ cultures. 


MATERIALS AND METHODS 


The 7 tumor strains studied were carried in strain C3H, Andervont sub- 
strain, female mice. The history of the individual tumors from which the 
recovery cultures originated is summarized in table 1, and is briefly 
described as follows: 

Tumor strain HW arose from control (untreated) H cultures injected 


1 Received for publication October 30, 1950. 

2 This article represents a portion of a thesis presented by the senior author to the faculty of The George Wash- 
ington University in partial completion of the requirements for the degree of Master of Arts. 

3 The senior author wishes to express grateful appreciation to Dr. Ira B. Hansen, Professor of Zoology, The 
George Washington University, for his understanding co-operation in the preparation and presentation of this 
material as a thesis. 
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into mice on September 9, 1942. Tissue for the recovery cultures was 
explanted from a tumor that was 14 days old in the 52d generation of 
subinoculation in the mouse. 

Tumor strain D arose from control (untreated) D cultures injected into 
mice on December 20, 1944. ‘Tissue for the recovery cultures was ex- 
planted from a tumor that was 35 days old in the 3d generation of sub- 
inoculation in the mouse. This tumor was considerably younger than the 
others used for the recovery cultures.* 

Tumor strain H arose from carcinogen treated (6 days) H cultures 
injected into mice on December 1, 1942. Tissue for the recovery cultures 
was explanted from a tumor that was 14 days old in the 50th generation of 
subinoculation in the mouse. 


TaBLeE 1.—Chart summarizing the experimental history of the cell strains used in this study 





Days in carci- | Days out of car- Total in vitro | Total in vivo Days in vitro 








Strain nogen —_. lifein days | lifeindays | “recovery” series 
bits 2 | ee | 691 | 931 | 180 
D- ‘ EE eee 1, 523 | 99 | 180 
Te — 6 355 774 | 848 | 180 
J (1) inlacas 32 | 270 | 715 | 907 309 
| — 32 | 270 | 715 | 1, 137 | 79 
at as ae 111 221 745 877 | 251 
N ~ : 184 239 715 | 907 | 112 
O saanasieanide 406 | 56 754 | 868 | 180 


| 





Tumor strain J arose from carcinogen-treated (32 days) J cultures 
injected into mice on October 3, 1942. Tissue for the recovery cultures 
Ja) Was explanted from a tumor that was 14 days old in the 51st generation 
of subinoculation in the mouse. 

On November 14, 1945, a second series of explants J.) was taken from 
J tumors. Tissue was explanted from 3 separate tumors that were 19 
days old in the 64th generation of subinoculation in the mouse. 

Tumor strain L arose from carcinogen-treated (111 days) L cultures, 
injected into mice on November 2, 1942. Tissue for the recovery cultures 
was explanted from a tumor that was 14 days old in the 52d generation of 
subinoculation in the mouse. 

Tumor strain N arose from carcinogen-treated (184 days) strain N 
cultures injected into mice on October 3, 1942. Tissue for the recovery 
cultures was explanted from a tumor that was 14 days old in the 52d 
generation of subinoculation in the mouse. 

Tumor strain O arose from carcinogen-treated (406 days) strain O 
cultures injected into mice on November 11, 1942. Tissue for the recovery 
cultures was explanted from a tumor that was 14 days old in the 52d 
generation of subinoculation in the mouse. 

The carcinogen-treated cells had been exposed to one microgram of 

* An older strain D tumor was originated on November 2, 1942, and was carried until the 24th generation with 


100 percent “‘takes.”” After this time, increasing difficulty was experienced in transplanting the tumor, and it 
was eventually lost on December 21, 1944, in the 37th generation. 
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20-methylcholanthrene per milliliter of culture fluid for the periods of 
time indicated, but had been removed from the carcinogen and were then 
grown in normal culture fluid for at least 56 days before they were injected 
into mice. 

Each tumor to be used for explantation was dissected from the mouse 
under aseptic conditions and placed in a sterile dish containing a few 
drops of balanced salt solution. A representative slice from each tumor 
was fixed at once in Zenker-formol solution for histologic examination. 
The tissues excised for culture and for animal inoculation were selected 
from areas of the tumor that were grossly free from necrosis. An attempt 
was made to cut for explantation approximately equal strips of tissue 
about 1 by 2 by 7 mm. in size from each of the tumors, but because of 
variations in consistency such uniformity was not always achieved. 
These strips were planted in Carrel D-3.5 flasks in clotted hen plasma 
mixed with horse serum, chick-embryo extract, and saline. All culture 
methods employed were similar to those described previously (1). 

Tissue from each tumor was also injected by trocar into 10 strain C3H 
mice. The injections served to propagate the next generation of tumors, 
and also served as a check on the viability and tumor-producing ability 
of the tissue used for the cultures. 

The tissues were allowed to grow in culture for 28 days, before reimplan- 
tation into new flasks. Each growth interval of 28 days was termed a cul- 
ture generation. Measurements of the increase in the width of the 
cultures of each strain were made and averaged at the end of each generation. 
These average values were plotted against the time that the original cell 
strains had been exposed to the carcinogen. This followed the procedure 
previously used for measuring and plotting increase in width of the original 
cultures (1). 

After the cells became well enough established to allow the planting of 
a fairly large number of cultures, some of them were again injected into 
strain C3H mice. A tabulation of these injections and the resulting 
tumors is given in table 2. 


TasLe 2.—The number and percentage of tumors produced by injection of recovery- 
culture strains into strain C3H mice 














SERIES 235 
ee , : 
Strain = all ag ig Percentage 
=e ae Pe ee ee ea ried 12 12 100 
RAE See eel ee aoe 23 | 23 100 
ae pats Enka od ACA ee a ee 16 | 13 81 
ee 63 0 0 
J (2)-- 34 | 1 | 3 
a. 24 17 71 
| = 4 | 2 50 
0. 10 8 80 





Photomicrographs of the living cells in culture were made at intervals 
of 2, 10, and 28 days after explantation in the lst generation. In the 2d, 
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3d, 4th, and 6th generations, photomicrographs were taken at 13, 13, 11, 
and 10 days after explantation, respectively. All photomicrographs were 
taken at a magnification of < 200 by the method previously described (3). 
Photomicrographs of the stained tumor sections were taken at a magnifica- 
tion of X 400. 

RESULTS 


In order to compare the diameters of the recovery cultures with those 
of the original cultures, curves showing the average increase in width of 
the recovery cultures were plotted for each 28-day culture generation. 
The small number of cultures carried in the first 4 generations, and the 
necessary adjustments made by the cells to growth in vitro, made the 
curves for these generations of limited value. By the 6th generation in 
vitro, 12 to 15 cultures were carried for each strain, the cell morphology 
was stable, and the width of the cell clumps was more easily and accurately 
determined. The curve showing the average increase in width of the 6th 
generation of recovery cultures plotted against the number of days that 
the original cultures were exposed to the carcinogen is shown in text- 
figure 1. 
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TEXT-FIGURE 1.—Curve showing average increase in width of recovery-culture strains 
plotted against the time that the original cultures were exposed to 20-methyl- 
cholanthrene. Dotted lines through each point indicate standard deviations from 
the mean. Compare shape of curve with that of the original cultures shown in 
text-figure 2. 





The tumor tissue injected into mice at the start of the experiment gave 
rise to 10 tumors out of 10 injections for each tumor strain except strain 
J. Tissue from the J tumor produced tumors in only 5 out of 10 mice 
injected. This tumor contained more than the usual amount of necrotic 
tissue and since the better part of the tumor was used for explantation, 
there was barely enough left for animal injection. 

Histologic sections of each of the tumors that gave rise to the recovery 
cultures were examined with the hope of finding some correlation between 
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their morphology and the morphology of the cells in culture. For example, 
since many of the cultures of the strain J tumor consisted preponderantly 
of giant cells, it was felt that large cells might also be present in the tumor 
itself. But this was not the case. A careful examination of sections of 
all the tumors gave little indication of what one might expect to see in the 
recovery cultures. For example, compare the morphology of HW tumor 
(fig. 1) with the HW culture (fig. 4). 


DESCRIPTION OF RECOVERY CULTURES 


Strain HW.—Two days after explantation, there was a uniform, thin 
fringe of cells around the implant (fig. 2). By the 10th day in vitro, 
many of the cells had become rounded, others showed extreme cytoplasmic 
granulation or vacuolization, while the debris of disintegrated cells was 
scattered among the remaining healthy cells (fig. 3). This degeneration 
of the outgrowing cells continued for several days, with new cells migrating 
from the explant and overgrowing the dead ones. After 28 days, the 
outgrowth from the clump had increased somewhat in density, but was 
still not luxuriant. 

In succeeding culture generations the outgrowth of the cells was in- 
creasingly dense and healthy. The cells in the fringe of outgrowth were 
elongate in shape and tended to cohere laterally into slender strands. 
The terminal processes of the cells were threadlike, and the edges of the 
cell body and of the processes often showed marked rippling (fig. 4). 
Cell size was uniform. Mitotic activity was high. 

Strain D.—The cells in the healthy dense fringe, which had grown out 
from the explant after 2 days, were comparable in size with those of 
strain HW at the same time. There was only slight evidence of disin- 
tegration of the cells after 10 days’ growth in vitro (fig. 5). Rather, the 
cells continued to migrate out and proliferate so rapidly that after 28 
days the strain was well established and growing luxuriantly. The cells 
were for the most part spindle shaped, uniform in size, and were loosely 
coherent into slender, interlacing or interconnecting strands. The cyto- 
plasm was optically clear, and mitoses were frequent (fig. 6). 

Strain D had apparently stabilized in morphology by the end of the 
lst culture generation, since there was little variation in morphology in 
the succeeding generations. 

Strain H.—The growth of strain H was very poor during the whole of 
the first generation. Two days after explantation, the scanty outgrowth 
of cells formed short, stiff strands with little tendency to interlace or inter- 
connect. After 10 days, the zone of cell outgrowth was still narrow and 
of low cell density. Many disintegrating cells, characterized by granular 
and vacuolated cytoplasm, were interspersed between the living cells of 
the outgrowth (fig. 7). Even by 28 days there was no recovery of a 
healthy cell outgrowth, and the cultures were made up almost entirely of 
spherical cells with extremely granular cytoplasm. 

In the 2d generation the outgrowth was not luxuriant, but the cells 
were no longer disintegrating. Strain H stabilized morphologically in 
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the succeeding generations and was typified by cells that were coherent 
into rather long, stiff strands (fig. 8). The elongated cells were uniform 
in size, showed no abnormal granularity in the cytoplasm, and showed 
high mitotic activity. 

Strain J.—Very few cells migrated from the explant in most of the cul- 
tures of strain J after two days in vitro. Where migration had occurred, 
the cells were so closely packed together that cell boundaries were difficult 
to distinguish (fig. 9). At 10 days after explantation there was distinct 
morphologic variability in the cultures. One culture out of the 10 had 
a growing fringe made up of fibroblast-like cells which showed little gran- 
ulation and were arranged in a loose network. In the remaining cultures 
a profusion of discrete spindle-shaped cells, with granular cytoplasm and 
rippling, amoeboid, cytoplasmic periphery, had formed a loose halo around 
the original explant. Interspersed among them were a few strikingly 
large, multinucleated cells with heavily granular cytoplasm. These 
large, oval cells measured up to 300 u in diameter, and a great part of their 
volume was occupied by numerous nuclei, each of which contained 1 or 
2 conspicuous nucleoli (fig. 10). These large cells were completely over- 
grown by the smaller cells after 28 days of cultivation. The single cul- 
ture with cells of the fibroblast-like type grew well and maintained its 
morphologic individuality. 

In the 2d generation, also, there was a lack of morphologic uniformity 
between the individual cultures. In many of them, the cell outgrowth 
consisted almost entirely of extremely large mononucleate (and occa- 
sionally binucleate) flattened cells which often cohered into an uninter- 
rupted sheet. The free surface of the cell sheet was either lobed and 
ruffled as in epithelial cultures, or was more irregular and broken with 
lateral and terminal processes extending from the cells into the clot. 
The individual cells contained proportionately large nuclei, some of 
them measuring as much as 45 yu in diameter, while the nucleoli measured 
up to 10 uw in diameter. The cytoplasm was heavily granular in the 
region around the nucleus but was thin and transparent at the edges of 
the cell (fig. 11). 

In the remaining cultures, the growing fringe was largely made up of 
normal-sized, fibroblast-like cells with occasional isolated giant cells 
growing among them. 

No stable morphology was ever obtained in the cultures of this strain. 
In the 3d generation, some cultures were composed almost entirely of 
sheets of the large mononucleate and binucleate cells, while in other cul- 
tures the growing fringe was made up of strands of cells that occasion- 
ally interconnected but usually appeared as stiff rods of nearly uniform 
diameter. The constituent cells of these strands were in the size-range 
of the fibroblast, were unusually wide and short, and were closely coherent 
(fig. 12). The cytoplasm of the cells was granular. Mitoses were ob- 
served among these smaller cells, but only rarely were the large cells seen 
in cleavage. 
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The failure of the large cells to divide rapidly may explain their increas- 
ing scarcity in later culture generations and the tendency for the cultures 
to be composed largely of cells within the normal range of size for the 
fibroblast. The cytoplasm of most of these smaller cells was granular, and 
the cytoplasmic processes were short. Mitotic activity even in the 
smaller cells was not high. 

The fact that the large cells were characteristic of recovery strain J was 
confirmed by their presence in the three additional series of cultures 
explanted from strain J tumors. Photomicrographs of these later recovery 
cultures taken at 15 days in the 2d generation in vitro showed the same 
morphologic design of the cells and the same structure of the cultures 
observed in the first series of explants. 

Strain L.—Two days after explantation, the cultures of strain L were 
showing a relatively wide and densely cellular fringe of slightly granular 
but healthy appearing cells. After 10 days the closely coherent cell sheet 
had broken up into a loose jumble of discrete cells with heavily granular 
cytoplasm (fig. 13), but by 28 days a new wave of cellular outgrowth had 
reassumed a relatively coherent sheetlike structure. 

The morphology of the cultures in the later generations was constant. 
The cells were a little smaller than those of the 2d generation and were 
coherent in a thin sheet. The body of the sheet was made up of somewhat 
elongated cells, and the edges of the sheet were broken up into short, jagged 
cell strands that interconnected with one another (fig. 14). The cell 
strands were composed of elongated, polygonal cells, and the peculiarly 
jagged appearance of the strands was due partly to the processes projecting 
from the corners of these cells and partly to the erratic manner in which 
these cells connected with one another. There was little cytoplasmic 
granulation, and mitoses were numerous. 

Strain N.—The cells of strain N formed a wide dense fringe around the 
explant after 2 days of cultivation in vitro. After 10 days in vitro, there 
occurred the same disintegration of the growing fringe, with the same 
formation of discrete, heavily granular cells that was observed in strain L. 
In addition, slender strands of elongated spindle-shaped cells radiated out 
from the explant between the loose granular cells to join, on occasion, 
small clusters of flattened, closely coherent, and slightly granular cells 
(fig. 15). 

By 28 days, a large proportion of the cells had assumed rounded or 
spherical shapes. Close to the explant in some cultures, there was general 
necrosis and disintegration of the cells, but at the periphery there were still 
small areas of flattened, slightly granular cells, which seemed healthy. 

The cells of strain N never became adapted to culture conditions. 
Immediately after explantation in later generations, the cultures showed 
a rapid outgrowth of a thick massive sheet of closely coherent cells (fig. 16), 
comparable in design to that seen in the original strain N cultures, but 
within a few days after the appearance of the outgrowth, shrinkage, 
necrosis, and disintegration of the cells occurred in the zone between the 
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explant and the periphery of the fringe. The necrosis would progress 
until, after 15 days, nests of closely coherent cells, which originally formed 
the extreme edge of the culture, were separated from the explant and from 
each other by wide areas of degenerating and necrotic cells. 

Although every effort was made to maintain the cultures, the rate of 
division of the healthy cells failed to compensate for cell disintegration, so 
that the cell population of the cultures became progressively smaller. At 
the end of the 4th generation, when it became clear that the strain could 
not be maintained, the cultures were injected into mice. 

Strain O.—The cultures of strain O at 2 days after explantation showed 
only small areas of cell migration and proliferation (fig. 17). At 10 days, 
liquefaction of the clot occurred around the central explant and in each 
culture the explant soon sloughed out. These cultures were patched with 
plasma, and the sparse growth that occurred at 28 days was considered to 
be atypical because of this manipulation. At 13 days in the 2d generation, 
growth was still very limited and consisted of a narrow, dense fringe of 
cells with loose, rounded, isolated cells at the periphery (fig. 18). 

In the 3d generation, the cell fringe was a massive sheet of closely 
coherent cells (fig. 19). The free edges of the fringe were either quite 
smooth, or slightly lobed, but showed no extended strands. The free 
edges of the peripheral cells were either slightly rippling or entirely 
smooth, and because of the thickness of the cell sheet, nuclear structure 
could not be ascertained. One culture deviated from this architecture by 
showing a loose, interlacing network of laterally discrete cells, ranging 
from spindle to elongate polygonal shapes. 

The morphology of the cells in the succeeding generations followed a 
rather consistent pattern. The cell fringe no longer consisted of the 
massive sheets that occurred in the 3d generation. The edge of the 
fringe was broken up into rather slender strands. The cells of these 
strands varied from a spindle-shaped cell, with an extraordinary degree of 
rippling at the edges, to a short, equidimensional polygonal-shaped cell 
(fig. 20). Cytoplasmic granularity of the cells varied from practically 
none, in some areas, to extreme granularity in others. There was con- 
siderable range of cell size, but no extremely large cells were seen. Mitoses 
were frequent. 

Comparison WitTH ORIGINAL CULTURES 


Since the original HW strain was closed by injection into mice in 1942, 
comparison of the recovery strain with the original strain was not possible. 
The morphology of recovery strain HW, however, was similar to that of 
the other untreated cell strain D. With the exception of strain J, the 
morphology of the cells of the other recovery cultures reproduced in re- 
markable detail the morphology of the parent cultures (1). The degree 
of progressive morphologic deviation from the normal pattern of the 
cultured fibroblast observed in the stabilized recovery cultures was of the 
same order as the changes present in the original cell strains. Recovery 
strains D and H had certain characteristics in common, and the similarity 
between these two strains was also observed in the original cultures. Re- 
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covery strain L was distinctly different in architecture from recovery 
strains HW, D, and H. The cells were less spindle-shaped, more sheet- 
like, had shorter terminal processes, and tended to form a more closely 
coherent sheet than did the cells of the preceding strains. This mor- 
phology was similar to the design of the original strain L cultures. The 
morphology of recovery strain N indicated an even greater alteration 
from the normal fibroblast than did recovery strain L, in that the cells 
were heavily granular, and were packed together in a sheet which was 
extended at the edges into lobes. This was a degree of alteration similar 
to that of the original N strain. Recovery strain O showed two types of 
morphology. Some cultures grew as a closely packed, smooth-edged, 
massive sheet of very granular cells, while in others, short strands of 
shrunken and rounded cells projected from the edge of the outgrowth. 
Each of these types was also characteristic for the original O strain. 


DISCUSSION 


One of the roughly defined characteristics of the original cultures of 
these cell strains was the rate at which the cellular outgrowth migrated 
from the central implant. As a general rule, the cellular outgrowth of the 
original strains D, H, and L was wider than that of the original strains J, 
N, and O, and the plot of the culture widths against the time that each 
strain was exposed to the carcinogen produced the shape of curve seen in 
text-figure 2. When the widths of the recovery cultures were plotted in 
like fashion, a curve with a similar shape resulted (text-fig. 1). While the 
absolute values for the widths of the original cultures and the recovery 
cultures do not correspond, the real interest in these curves lies in the fact 
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TEXT-FIGURE 2.—Curve showing average increase in width of original culture strains 
plotted against time in carcinogen. The control value represents an average of all 
control cultures through September 1942. The other values represent averages of 
culture widths through May 1943. 
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that, so far as the relation of the strains to each other is concerned, the 
degree to which the cells migrated from the explant was a stable charac- 
teristic unaffected by the period of growth in the animal. The curves, 
unfortunately, do not lend themselves to further interpretation. More 
significant results could be obtained in future studies of this type by using 
the newly developed methods for estimating the size of the cell population 
of tissue cultures (4), or by using comparison cinematographic methods 
for recording rates of cell migration. 

Before using culture morphology as a means of comparison of the 
original and recovery strains it was necessary to wait until the latter had 
established a stable culture pattern. The initial cellular outgrowth in the 
recovery cultures was an unstable system that required a considerable 
period of time to reach an equilibrium condition where the morphologic 
identity of the culture strains became recognizable. Only after the 
recovery cultures became stabilized could it be shown that their morphology 
(strain J excepted) was not materially affected by the period of growth 
in vivo. With the exception of strain J, the morphology of each of the 
other strains closely resembled that of its corresponding original culture. 

The morphologic pattern of strain J was dissimilar to that of the 
original cultures, and it seems possible that in the case of this strain there 
was a host influence, either upon the tumor cells themselves, or upon the 
cell population of the tumor. The inability of the recovery strain J cells 
to produce more than 1 tumor out of 97 injections supports the latter 
possibility. The tumor itself was readily transplantable from animal to 
animal, and with the exception noted at the beginning of this paper, always 
with 100 percent “takes.” The loss of this tumor-producing capacity 
by the tumor cells in culture cannot, of course, be satisfactorily explained, 
but it brings up some interesting questions. Would the cultures have 
produced tumors in the animals if they had been injected into mice after 
30 days in vitro instead of after longer intervals in culture? In the first 
series of explantations from the J tumor, the cultures were not injected 
into mice until 155 days had passed. No tumors were ever produced 
from this series. But in the second series of explantations from the J 
tumors, the recovery cultures were injected into mice after only 79 days 
in vitro, and 1 tumor resulted from a total of 34 injections. This is some 
indication that more tumors might have been produced by the injection 
of cultures with an even shorter in vitro life-span. 

The corollary to the above consideration is the question of whether, 
with continued life in vitro, there occurred in this strain a progressive 
selection of cells that were incapable of producing tumors when injected 
into mice. It seems more probable that something of this nature occurred 
rather than an alteration in the cells themselves, since tissues from the 
other 6 tumors were capable of producing tumors after long periods in 
culture. Further work will be necessary before these questions can be 
answered. 

It was of interest that the histologic appearance of the tumors gave 
little indication as to what the resulting in vitro morphologic pattern of the 
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cell strains would be. This was particularly true of recovery strain J. 
No giant cells with polyploid nuclei were found in the sections of the 
tumors used for culture, but the appearance of large mononucleate and 
binucleate cells in 4 series of explantations from 4 separate strain J tumors 
indicated that the presence of these cells was not a chance phenomenon, 
but a consistent characteristic of the strain J tumor grown in vitro. 

The behavior of the freshly explanted tumor tissues during the first 28 
days in culture as compared with their behavior in subsequent generations 
demonstrates the instability of these freshly explanted tissues. Following 
explantation, all of the tissues with the exception of strain D underwent a 
series of degenerative phenomena characterized by extreme cytoplasmic 
granularity, separation of the coherent cell sheets into discrete cells, and 
disintegration and death of these individual cells. Recovery from this 
condition was fast or slow, depending upon the strain. The final estab- 
lishment of a relatively stable culture morphology was not accomplished 
at the same rate by the tissues of the different sarcomas. It consumed 
from 28 days in the case of strain D, to 100 days in the case of strain O, 
or, as in the case of strain N, the cells never became adapted to culture 
conditions. 

In these studies, a heterologous medium was used that was designed to 
promote rapid cell proliferation, and the aim was to produce maximum 
cell growth rather than to maintain a close structural relationship of 
viable cells to each other. In explanting tissue from these sarcomas, a 
heterogeneous population of cells was introduced into foreign surroundings, 
and since the culture medium used did not reproduce the milieu of the 
host animal, certain adjustments must have been made by the tissue if 
it was to survive in culture for any length of time. These adjustments 
probably involved the selective death of certain cell types incapable of 
survival, and certain adaptations by the cells that did survive, which 
permitted them to live and grow. The work of Sanford et al. (5) indicates 
that this cell adaptation may involve a conditioning of the medium itself, 
since they were able to propagate cultures from single cells only after 
using a medium in which cells had previously grown. 

The nature of the adjustments made by tissues to culture conditions 
has yet to be fully explored. The variations found in the explants of these 
tumors indicate clearly the need for further definitive experiments on the 
physiology of freshly explanted tissue. 


SUMMARY 


Recovery cultures were set up by explanting tissue from 7 sarcomas 
which, in turn, had been produced by the injection of 7 tissue-culture 
strains (original cultures) into C3H mice. Comparisons of growth char- 
acteristics and morphology were made between the recovery cultures and 
the original cultures. 

When increase in culture width was used as a criterion of comparison, 
it was found that the recovery cultures preserved the essential relationship 
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to each other that had been demonstrated for the original cultures (ef. 
text-figs. 1 and 2). 

With the exception of strain J, the morphology of the recovery cultures 
closely resembled that of the original cultures. The morphology of re- 
covery strain J was unlike that of the original strain J. This suggests 
some influence of the animal host upon this strain. 

When the tumor tissues were explanted, the first cell outgrowth appeared 
healthy, but after a few days in culture many of the cells became rounded, 
vacuolated, or heavily granular, and many died. Recovery from this 
phase of instability to an equilibrium condition of stable morphology pro- 
ceeded at different rates for the different cell strains. The need for fur- 
ther definitive study of the physiology of freshly explanted tissue is indi- 
cated. 
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PLaTE 85 


Figure 1.—Tumor strain HW, from which recovery culture strain HW originated. 


Compare with cells in culture. Hematoxylin-eosin stain. X 400. 


FicurE 2.—Recovery strain HW, 2 days after explantation cells appear healthy. X 200. 


Figure 3.—Recovery strain HW, 10 days after explantation. Note cellular debris. 


Many cells appear to be dying. X 200. 


Figure 4.—Recovery strain HW. Stabilized morphology. X 200. 
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PLaTEe 86 
Figure 5.—Recovery strain D, 10 days after explantation. Only slight evidence of 
cell disintegration or death. X 200. 
Ficure 6. Recovery strain D. Stabilized morphology. X 200. 
Ficurt 7.—Recovery strain H, 10 days after explantation. Many cells are rounded. 
200. 


Figure 8.—Recovery strain H, stabilized morphology. X 200. 
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PLATE 87 


Fictre 9.—Recovery strain J, 2 days after explantation. Apparently healthy cells 
are in closely packed sheet. > 200. 


Fictre 10.—Recovery strain J, 10 days after explantation. Cells are disoriented 
and heavily granular. Note multinucleated cell. > 200. 


Fictre 11.—Recovery strain J, 69 days after explantation, 3d generation. Culture 
composed almost exclusively of very large cells with densely granular cytoplasm. 
200. 


Figure 12.—Recovery strain J, 69 days after explantation, 3d generation. Cells of 
this culture approach size-range of fibroblast. 200. 
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PLATE 88 


Figure 13.—Reecovery strain L, 10 days after explantation. Outgrowth has lost 
all semblance of a cell sheet. Some cells rounded up, many have extremely opaque 
eytoplasm. 200 


Figure 14.—Recovery strain L. Stabilized morphology. X 200. 


Ficcure 15.—Reeovery strain N, 10 days after explantation. Note increased gran- 
ulation of cytoplasm and evidence of disintegration of some cells. 200 


Ficure 16.—Recovery strain N, 95 days after explantation, 4th generation. This 
coherent cell sheet later broke down into separated cells. > 200. 
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PLATE 89 


Ficure 17.—Recovery strain O, 2 days after explantation. Outgrowth very limited. 
Cells have granular cytoplasm. X 200. 

FicureE 18.—Reecovery strain O, 41 days after explantation. Cells of this strain still 
show the rounding and disorientation characteristic of an unstabilized culture. 


200. 


Ficure 19.—Recovery strain O, 3d generation. Some culture showed massive cell 
sheets. Compare with Earle’s photograph of the original strain (J). 200. 


FicurE 20.—Recovery strain O, 4th generation. Stabilized morphology. > 200 
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THE EFFECT OF PODOPHYLLOTOXIN ON 
THE SKIN OF THE MOUSE, WITH REFER- 
ENCE TO CARCINOGENIC, COCARCINO- 
GENIC, AND ANTICARCINOGENIC AC- 
TION ! 


I. BERENBLUM,? Special Research Fellow, National Cancer 
Institute, National Institutes of Health, U. S. Public Health 
Service, Bethesda, Md. 


Recent interest in podophyllin—the alcohol-soluble resin of the man- 
drake, or May apple—arose out of the effectiveness of the resin itself and 
one of its constituents, podophyllotoxin, in the topical treatment of 
condyloma acuminatum (2, 8), their colchicine-like action on skin epi- 
thelium (3, 4), and on cells in tissue culture (6), and the pronounced 
inhibitory effect of the resin and several of its isolated constituents on 
the growth of transplanted tumors in animals (/, 4, 7). 

This communication is concerned with tests for carcinogenic, cocarcin- 
ogenic, and anticarcinogenic action of podophyllotoxin, carried out by 
painting experiments on the skin of the mouse. 


MATERIALS AND METHODS 


The podophyllotoxin, isolated from commercial podophyllin by Dr. 
J. L. Hartwell and Mr. W. E. Detty [batch D 242—previously used by 
Leiter et al. (6) for tumor-damaging tests], was made up as a 2.5-percent 
solution in polyethylene glycol-400, using the solvent alone for the control 
group. Both of these were applied with a glass rod to an area of skin, 
about 1.5 cm. square, in the dorsal region over the shoulderblades. In 
the tests for cocarcinogenic and anticarcinogenic action, the carcinogen 
used was a 0.5-percent solution of 3,4-benzpyrene (Edcan Laboratories) in 
acetone, one drop being administered to the area of skin from a Pasteur 
pipette. In all cases, the hair over the area of skin was removed previous 
to each painting by clipping with fine scissors. 

The mice used in these experiments were C3H virgin females, about 
2 to 3 months old at the start, obtained from the National Cancer Institute 
colony. They were kept in plastic cages, 25 per cage, and fed Purina 
laboratory chow, supplemented once weekly with raw carrot, and water 
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ad libitum. The animal room in which they were kept was air-conditioned 
and maintained at a temperature of 74°-80° F. 

All induced tumors were charted when first observed, and regularly at 
2-week intervals thereafter, careful note being taken of the time of 
appearance of the first induced tumor per animal, and the time when 
malignancy supervened, as judged by naked-eye evidence. After death, 
the lesions were examined microscopically for confirmation of malignancy. 
Many of the animals also developed mammary tumors, but these were 
deemed to have arisen spontaneously, and are not taken into account here. 


RESULTS 
TEsT FOR CARCINOGENIC ACTION 


Twenty-five mice were painted twice weekly for 74 weeks with a 
2.5-percent solution of podophyllotoxin in polyethylene glycol-400. The 
animals survived the treatment well, no deaths occurring in the first 29 
weeks of treatment. After the 50th week, there were still 20 survivors; 
5 of these were killed for histologic study, and of the remaining 15 mice, 
13 were still alive at the end of the experiment (74th week of painting). 

The reaction of the skin to the repeated treatment was much milder 
than that observed after a single painting, thus confirming the observation 
of King and Cauldwell (3) of an adaptation of the mouse’s skin to the 
action of thisdrug. ‘‘Podophyllin cells’ were rarely seen after the repeated 
treatment, the general histologic picture being that of a mild hyperplastic 
response of the epithelium with some atrophic changes, not noticeably 
different from the characteristic skin response to repeated mild irritation 
of a nonspecific kind. 

No skin tumors developed in any of the treated animals at the site of 
application. 


Test FoR COCARCINOGENIC OR ANTICARCINOGENIC ACTION 


By applying the drug concurrently with a carcinogen acting under 
suboptimal conditions, it was possible to test for cocarcinogenic and anti- 
carcinogenic action at the same time. A shortening of the latent period, 
in comparison with the control series, would indicate cocarcinogenic action; 
a lengthening would indicate anticarcinogenic action. 

One hundred mice, divided into 2 equal groups, received weekly skin 
applications of 0.5 percent benzpyrene in acetone. One group received, 
in addition, weekly application, alternating with the benzpyrene treat- 
ment at a 3-to 4-day interval, of 2.5 percent podophyllotoxin in polyethylene 
glycol, while the other group, serving as a control, received the solvent 
(polyethylene glycol) without podophyllotoxin. In both, the treatment 
was continued for 52 weeks. 

As shown in table 1, skin tumors developed in 43 out of 47 survivors of 
the control series (representing 91 percent), but only in 28 out of 44 sur- 
vivors in the experimental group (representing 64 percent). In both 
series, over 50 percent of the tumors ultimately became malignant. The 
average latent period for total skin tumors (i.e., the time for 50 percent of 
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survivors to develop tumors), was 42 weeks in the control group, and 48 
weeks in the experimental group, thus representing a delay of 6 weeks 
when podophyllotoxin supplemented the benzpyrene treatment. 


TABLE 1.—Effect of podophyllotoxin on skin carcinogenesis induced by 3, 4-benzpyrene 








Benzpyrene Benzpyrene plus 
| control podophyllotoxin 
Number of animals used_________-__--_-- — — 
Effective total (survivors at time when first tumor | 47____________- 44. 
appeared in group) 
Time of appearance of first tumor--_-_--_---_-_-_-- 23d week. --_--_-- 29th week. 
Time of appearance of first malignant tumor --_--- 29th week - ----- 43d week. 
Total number of tumor-bearing animals- -- - - - _- . ieee a ae 28. 
Percentage of effective total bearing tumors----_- 91 percent.___-__| 64 percent. 
Total number of malignant tumor-bearing animals | 34____________- 16. 
Percentage of effective total bearing malignant | 72 percent______| 36 percent. 
tumors. 
Percentage of malignant tumors per total tumor- | 79 percent_.____| 57 percent. 
bearing animals. 
Average latent period for total tumors (=time of | 42d week______- 48th week. 
appearance of tumors in 50 percent of effective 
total). 











Note.—The term ‘total tumors’ in this table refers to all tumors—papillomas and carcinomas—at the site of 
application. 


In brief, podophyllotoxin, under the conditions of the present experi- 
ment, showed no cocarcinogenic effect, but, on the contrary, a slight anti- 
carcinogenic effect. 

SUMMARY 


Podophyllotoxin, in the form of a 2.5 percent solution in polyethylene 
glycol-400, was tested on the skin of C3H virgin female mice for carcino- 
genic, cocarcinogenic, and anticarcinogenic action. 

It was found to have no carcinogenic or cocarcinogenic action, but, on 
the contrary, a slight anticarcinogenic action. 
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THE ACTION OF CROTON OIL IN THE 
INDUCTION OF SARCOMAS IN MICE!?? 


MIcHAEL KLE1n, Research Fellow, National Cancer Institute, 
National Institutes of Health, U. S. Public Health Service, 
Bethesda, Md. 


It has been suggested that at least two major phases are involved in 
skin tumorigenesis (1, 2). On the one hand, there is the initiation of the 
neoplastic change and on the other, the promotion of altered cells to the 
visible tumor stage. Berenblum (3) observed that croton oil, which of 
itself produced much hyperplasia but no neoplasms, had a marked effect 
on the development of skin tumors in mice when applied with 3, 4-benz- 
pyrene in acetone. Mottram (4) demonstrated that one application of a 
carcinogen was incapable of eliciting skin tumors by itself but did so when 
followed by paintings with croton oil. In this way, the promoting action 
of the latter chemical was further elucidated. Berenblum and Shubik 
(5, 6) confirmed these results and observed further that a lapse of many 
weeks between the application of a carcinogen and the start of croton-oil 
paintings did not affect the total tumor yield. The cocarcinogenic action 
of croton oil appeared specific for the skin of mice, however, for no such 
effect was observed in rats, rabbits, or guinea pigs (7, 8). In an attempt 
to demonstrate cocarcinogenesis at a different site, croton resin was in- 
jected with 3, 4-benzpyrene subcutaneously into rats (7). No promoting 
action was observed. However, Sall and Shear (9) previously reported 
that the subcutaneous injection of a minimal dose of 3, 4-benzpyrene 
with the basic fraction of creosote oil into strain A mice resulted in more 
tumors, and these appeared sooner than those induced by the carcinogen 
alone. The following experiments were designed to investigate the action 
of croton oil in the presence of 20-methylcholanthrene upon tumor 
formation in mice. 

MATERIALS AND METHODS 


The animals used in these experiments were male albinos derived 
from a colony of originally strain A mice in which the agouti gene appeared, 
indicating a possible outcrossing to another albino strain, probably C. 
Animals were housed in plastic cages measuring 27.5 by 17.5 by 12.5 cm., 
generally 8 toa cage. They were maintained on pellets of Purina labora- 
tory chow and had access to a supply of tap water. Young adult males 


1 Received for publication November 17, 1950. 
3 Acknowledgment is made of the technical assistance of Mr. Frank M. McCathran. 
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3 to 5 months of age were injected once intramuscularly in a hind limb 
with one of the following solutions: 

Series A.—One percent croton oil® in olive oil (U. S. P. grade). 

Series B.—Olive oil, containing 0.6 mg. of methylcholanthrene ‘ per cc. 

Series C.—One percent croton oil in olive oil, containing 0.6 mg. of 
methylcholanthrene per cc. 

Series D.—Olive oil, containing 0.1 mg. of methylcholanthrene per cc. 

Series E.—One percent croton oil in olive oil, containing 0.1 mg. of 
methylcholanthrene per cc. 

Solutions were injected with a 1/4-cc. tuberculin syringe and an 18-gauge 
short-beveled needle. The skin around the point of entrance of the needle 
was pinched off for several seconds. Animals received 0.04 cc. of one of 
the above solutions together with 0.08 cc. of Locke’s solution per injection. 
Thus, each mouse in Series A was injected with 0.0004 cc. of croton oil; in 
Series B, with 0.024 mg. of methylcholanthrene; in Series C, with 0.6904 cc. 
of croton oil and 0.024 mg. of methylcholanthrene; in Series D, with 
0.004 mg. of methylcholanthrene; and in Series E, with 0.004 mg. of 
methylcholanthrene and 0.0004 cc. of croton oil. 

At autopsy, tissues were excised and fixed in Tellyesniczky’s fluid 
(2 parts formol, 20 parts 70 percent alcohol, and 1 part acetic acid). 
Tissues were dehydrated, imbedded in paraffin, sectioned at 6 to 8 micra, 
and stained with hematoxylin and eosin. Diagnoses® were based on histo- 
logic findings. The latent period of tumorigenesis was calculated from the 
time that tumors first became palpable. 


OBSERVATIONS 


The control mice in Series A (table 1) each received one injection of a 
1-percent solution of croton oil in olive oil. None of the 33 mice in the 
group showed signs of a tumor, although 17 lived as long as 479 days, 
when the experiment was terminated. Of the 40 mice in Series B, each 
of which received 0.024 mg. of methylcholanthrene in olive oil, 20 bore 
tumors. On the average, these neoplasms were detected after 160.1 days. 
The mean age of all mice in Series B at death was 268.3 days. Each of the 40 
animals in Series C also received 0.024 mg. of methylcholanthrene. How- 
ever, the carcinogen now was administered in a solution of croton oil in 
olive oil. A 100-percent tumor incidence was observed. The tumors 
in Series C were detected after a mean latent period of 95.4 days. The 
mean age at death for mice in this group was 116 days. When the con- 
centration of methylcholanthrene in olive oil was decreased to 0.1 mg. 
per ce. (Series D), 9 out of 32 mice had tumors. These were first recorded 
after a mean latent period of 168 days. The average age at death for all 
the mice in Series D was 298.9 days. The same concentration of meth- 
ylcholanthrene was employed in Series E as in Series D, except that in 
Series E the carcinogen was dissolved in a solution of croton oil in olive 


4 Obtained from the Fischer Scientific Company, Eimer and Amend, New York, N. Y. 

* Obtained from Edcan Laboratories, South Norwalk, Conn. MP 179-180°C. 

5 The author wishes to thank Dr. Thelma B. Dunn of the Pathology Section of the National Cancer Institute 
for her assistance. 
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oil. Again croton oil accelerated tumor formation and increased the in- 
cidence. Thus among 32 mice, 22 bore tumors after a mean latent 
period of 123.4 days. The mean age at death for mice in Series E was 
202.6 days. 

Tumors were permitted generally to enlarge to two or more centi- 
meters before a host was sacrificed. Twenty-seven of these tumors were 
selected at random for transplantation to mice of the same derivation. 
A 90-percent incidence of takes was observed. 

Histologic examination showed all the tumors to be fibrosarcomas. 
No differences were observed between those induced with methylchuiio- 
threne in olive oil and those obtained following the injection of this car- 
cinogen in a solution of croton oil in olive oil. 


DISCUSSION 


A significant promoting effect was elicited when methylcholanthrene 
dissolved in a croton-oil-in-olive-oil solution was injected intramuscularly 
into albino mice. The incidence of tumors was increased and the latent 
period of tumorigenesis decreased in the croton-oil series as compared 
with the series in which methylcholanthrene in olive oil was injected. 
This was observed at concentrations of both 0.6 mg. and 0.1 mg. per ce. of 
the carcinogen (table 1). Previously, it had been reported (7) that when 
rats were injected subcutaneously with benzpyrene and croton resin, the 
active constituent of croton oil, tumor incidence, and latent period re- 
mained unaffected. It is to be noted, however, that croton oil has not 
been shown to exert a promoting action in rats even upon percutaneous 
administration with a carcinogen (8). On the other hand, Sall and Shear 
(9) employing mice, a species known to be susceptible to the cocarcino- 
genic action of croton oil when applied to the skin, observed a decided 
promoting action when the noncarcinogenic basic fraction of creosote oil 
was injected subcutaneously with benzpyrene. They obtained more 
tumors in less time with the use of creosote oil than when benzpyrene 
alone was employed. 

The tumors observed in mice that had received methylcholanthrene or 
methylcholanthrene and croton oil (table 1) were fibrosarcomas. Thus 
it appears that in the induction of mouse tumors croton oil is able to exert 
a promoting action, not only upon a tissue derived from ectoderm, but 
also one from mesoderm. Berenblum (3) has shown that croton oil ap- 
pears to play a specific role in skin tumorigenesis that is not related to its 
activity as an irritant. Thus, turpentine or xylene administered to mice 
in doses that produced about as much skin irritation as croton oil still 
exerted no promoting action in papilloma formation. In addition, Beck 
(10) observed that the induction of sarcomas with 3,4-benzpyrene was 
not altered when the carcinogen was injected subcutaneously with turpen- 
tine in olive oil. It was concluded that subacute inflammation caused 
by the irritant had no effect on the carcinogenic potency of 3,4-benz- 
pyrene. Whether the same factors in croton oil that are responsible for 
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its promoting action in skin tumorigenesis also operate intramuscularly 
in the induction of sarcomas is not known. It would appear, however, 
that a specific role again is indicated for croton oil. 

In the induction of skin tumors, one painting with a subminimal dose 
of a carcinogen followed by repeated application of croton oil elicits many 
tumors (5,6). The majority of these are benign papillomas, which prolif- 
erate slightly, become keratinized, and are sloughed. Occasionally an 
epidermal carcinoma is observed. After a sufficient number of paintings 
with the carcinogen, however, one may either continue with it or substi- 
tute croton oil and obtain more such malignant tumors (/1). These 
tumors have been observed to arise frequently from sites previously oc- 
cupied by benign papillomas (7, 12). In addition, Berenblum (7) has 
suggested that in mice, croton resin facilitates the transformation of be- 
nign to malignant tumors. In experiments here reported, however, the 
tumors obtained were all malignant, despite the injection of as little as 
0.004 mg. of carcinogen per mouse. Experiments in progress indicate 
that sarcomas similarly are induced with as little as 0.002 mg. of methyl- 
cholanthrene. The fact that these grow rapidly and progressively from 
the time they first become palpable suggests the malignant change may 
have been present from the onset. 

Susceptibility of the intramuscular tissues of mice to small amounts 
of a carcinogen in the presence of croton oil may provide a sensitive test 
for the detection of carcinogens. Smith (13) described a similar technique 
which involved implantation of fetal tissues together with a carcinogen, 
Scharlach R, and croton oil. It appears that in testing for carcinogenicity 
the same end may perhaps be attained without the introduction of fetal 
tissues and Scharlach R. 


SUMMARY 


Albino mice received intramuscular injections of 0.024 mg. or 0.004 mg. 
of methylcholanthrene dissolved either in olive oil or in a 1 percent solu- 
tion of croton oil in olive oil. A higher tumor incidence and a lower 
latent period were observed in the latter series. Thus, the promoting 
action of croton oil first revealed in skin tumorigenesis appears also to be 
involved in the induction of sarcomas. It is suggested that the use of 
croton oil with the intramuscular-injection technique may be a sensitive 
test for substances suspected of being carcinogens. 
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OBSERVATIONS ON PROPERTIES OF 
LEUKEMIC CELLS RESISTANT TO FOLIC 
ACID ANTAGONISTS! 


L. W. Law, with the technical assistance of Mr. Peter J. 
Boye, National Cancer Institute, National Institutes of 
Health, Public Health Service, Bethesda, Md. 


INTRODUCTION 


It has been postulated that the resistance developed in bacteria and 
other microorganisms when they are brought in contact with various 
antimicrobial agents may be either 1) induced by the agent under investi- 
gation or 2) the result of genetic changes, independent of the action of 
the agent. Appropriate experiments made to determine the manner of 
action of certain antimicrobial agents indicate that the resistance observed 
originates through spontaneous genetic changes and that the agents used 
act in a selective manner, eliminating susceptible forms and allowing 
resistant individuals to reproduce. Resistance of Escherichia coli to 
bacteriophage (1), of Staphylococcus aureus to penicillin (2, 3), of Esche- 
richia coli to ultraviolet radiation (4), and of Staphylococcus aureus to a 
sulfonamide (5) has been shown to be due to genetic changes occurring in 
individual cells of the culture, independent of the action of the agent used. 

The development of resistance is not confined to microorganisms. We 
have reported the development of resistance in mouse leukemic cells, 
derived from a transplantable acute lymphoid leukemia, to three anti- 
leukemic agents: 4-amino, N-methyl pteroylglutamic acid (amethopterin) 
4-amino, 9-methyl pteroylglutamic acid (aninopterin) and 4-amino, 9, 
N”-dimethyl pteroylglutamic acid (adenopterin)? (6). All three resistant 
variants obtained were able to grow, optimally, in mice receiving the 
maximum tolerated dose of the respective antifolic compounds. An 
analysis of the mechanism of development of resistance in leukemic cells 
is of paramount importance in the development of a rational approach 
to the problem of chemotherapy of leukemia. Studies are now in progress 
in this laboratory to investigate the mechanism involved. In the mean- 
time we wish to report the following observations on some properties of 
the resistant variants: 1) the effects of other known antileukemic agents 
on one of the resistant variants, the subline resistant to amethopterin, 2) 
the behavior of resistant leukemic cells carried in serial transplant in the 


1 Received for publication December 11, 1950. 


2 These compounds and other folic acid analogs mentioned in the text were kindly supplied by the Lederle 
Laboratories, Pearl River, New York. 
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absence of the specific folic acid antagonist—this was investigated in the 
subline which was found to be resistant to adenopterin—and 3) the 
development of dependence on folic acid antagonists for optimal and 
continued growth in two of the sublines under investigation, the sublines 
resistant to adenopterin and amethopterin. 


MATERIALS AND METHODS 


Acute lymphoid leukemia, L1210 (7) and 3 resistant sublines which 
are hereafter designated AM-resistant (resistant to amethopterin), AD- 
resistant (resistant to adenopterin) and AN-resistant (resistant to ani- 
nopterin), have been used in the present study. The morphology and 
biologic behavior of the susceptible control subline of this transplantabl: 
leukemia have been closely observed. The principal cell is large and 
mononucleated, with a large vesicular nucleus and prominent nucleoli, 
a distinct nuclear membrane, and a narrow rim of basophilic cytoplasm. 
There is little variation in the size or morphology of the cells, and mitotic 
figures are frequent.? Numerous cells are dispersed in lymph nodes, 
spleen, and liver, enlarging these organs and obscuring the architecture. 
Infiltration is severe following transfer of cells intraperitoneally. The 
leukemic cells appear in the peripheral blood a few days after transplanta- 
tion; very high leukocyte counts develop in mice inoculated intra- 
peritoneally, whereas a moderate leukocytosis appears following trans- 
plantation by the subcutaneous route. These lines have been carried in 
transplant in strain dba, subline 212, mice by inoculations subcutaneously 
of a Locke’s-solution suspension of leukemic cells. An attempt has been 
made to control adequately the number of leukemic cells inoculated at 
each transfer by using a 20 percent suspension by weight of lymphomatous 
tumor tissue and inoculating 0.1 cc. (approximately 800,000 leukemic 
cells) into the right axillary region. 

Sublines AD-resistant and AN-resistant leukemic cells were developed 
from the 60th transfer of the susceptible, control leukemia, L1210, by 
consecutive transfers, subcutaneously, through mice receiving the approxi- 
mate maximum tolerated dose of these compounds, 3 mg. per kilogram of 
body weight for 10 days. Transfers were always accomplished as soon 
as possible when the localized growth of leukemic cells was large enough 
to transfer in a brei suspension. Subline AM-resistant was developed in 
like manner from the 65th transfer of the control leukemia. The AM- 
resistant subline has now been carried through 38 consecutive transfers 
(32 since emergence of resistance) and the AN-resistant and AD-resistant 
sublines have been carried through 40 consecutive transfers (35 since 
emergence of resistance). Injection of amethopterin and aninopterin, 
respectively, has been continued in host animals bearing transplants of 
the AM-resistant and AN-resistant leukemic cells, while the AD-resistant 
subline has been carried without adenopterin, except as stated in the text, 
for 23 consecutive transfers, beginning at the 73d transfer, 9 transfer 
generations after emergence of resistance (text-fig. 1). 


3 Personal communication from Dr. Thelma B. Dunn, Pathology Section, National Cancer Institute. 
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Text-Ficure 1.—Showing origin of aninopterin-resistant, adenopterin-resistant and 
amethopterin-resistant variants of leukemia L1210. S represents cells which are 
susceptible to folic acid antagonists; R represents resistant cells and D represents 
dependency on folic acid antagonists for optimal growth. Squares represent serial 
transfer of leukemic cells in host animals receiving antagonists; circles represent 
transfer of leukemic cells in anfagonist-free hosts. Cross-hatching represents 
resistant cells; block figures represent leukemic cells that are both resistant and de- 
pendent. Waved line at transfer generation 73 in AD-resistant subline represents 
subsequent transfer of the resistant and dependent variant in antagonist-free hosts. 
All transfers of leukemic cells accomplished at 9 days except as noted in text. 


Strain dba, subline 212, mice of both sexes, weighing from 16 to 20 
grams were used as host animals for the transfer of leukemic cells. They 
were kept in an air-conditioned room in plastic cages, not more than 7 to 
a cage, and were given an unlimited supply of Derwood Mills’ cubes and 
tap water. 

We have used throughout the experiments reported here, as a measure 
of the growth of leukemic cells, the mean weight of the localized 
lymphomatous mass at 9 days following subcutaneous transfer of leukemic 
cells. A discrete, localized mass of lymphomatous tissue is found follow- 
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ing inoculation subcutaneously. This growth is first palpable in the con- 
trol and resistant sublines at 72 to 96 hours. The mass of tissue is easily 
removed by forceps and weighed to the nearest milligram on a Roller- 
Smith torsion balance. 

RESULTS 


Folic acid antagonists have been found in this laboratory to be the most 
efficacious of all reported antileukemic agents in increasing the life span 
of mice with acute lymphoid leukemia. Table 1 is a summary of a sample 
group of experiments of the effect on survival time of the 3 antifolic com- 
pounds used in this study: amethopterin (8), aninopterin, and adenopterin 
(9). Amethopterin has been found to be effective in increasing survival 
time to nearly 100 percent at a dosage level as low as 0.5 mg. per kilogram, 
given every other day for 10 days. It can be shown, under appropriate 
experimental conditions, that a true quantitative antagonism exists 
between the folic acid antagonist used and the parent compound. For 
example, at a ratio of folic acid to amethopterin of 10:1, complete reversal 
of the antileukemic effect is obtained providing folic acid is administered 
1 or 2 hours prior to the antagonist. Furthermore, it can be shown that 
on a fixed dose of folic acid, the degree of inhibition of leukemic cell growth, 
as measured by survival time, varies with the dose of antagonist given.‘ 


TABLE 1.—Effect of folic acid antagonists on survival time of strain dba mice bearing 
transplantable acute lymphoid leukemia, L1210 














Num- Num- Dosage (mg./K) Percent 
Compound aon ber of Survival time days (range) pane al 

ments | Mc 2 Daily ? Total time 
Amethopterin - - ---_--- + 42 3 24-27 20. 7+0. 61 (11-35)) 127.4 
Adenopterin-_-_-_------- 4 36 3 24-27 18.9+ .36 (15-27)| 107.7 
Aninopterin.-_-.....-- 4 39 3 24-27 17.8+ .37 (13-25)|} 95.6 
eee 4 41 None 91+ .59 ( 7-18)}__---- 




















! Strain dba mice of both sexes weighing 16-20 grams were used. Approximately 800,000 leukemic cells in Locke’s 
solution were inoculated intraperitoneally. 

2 Compounds were given intraperitoneally every other day beginning at 48 hours postinoculation of leukemic 
cells. Control mice gained 1.8 grams and experimental mice maintained their weight at 10 days. 


Errect or OTHER ANTILEUKEMIC AGENTS ON LEUKEMIC CELLS OF THE AM-RESISTANT 
SUBLINE 


The possibility was considered that the resistance developed to a folic 
acid antagonist might extend to other agents exerting specific antileukemic 
effects. The effect of such agents was studied on a selected resistant 
subline, the AM-resistant line. 8-Azaguanine (guanazolo) (10, 11), alpha- 
peltatin (12), 2,6-diaminopurine (13) and Compound E, cortisone * (14), 
all of which have been reported to show leukemia-inhibiting properties, 
were used at the approximate maximum tolerated doses shown in table 2. 


4 Unpublished observations. 
*8-Azaguanine (5-amino-7-hydroxy-1l-v-triazolo [d] pyrimidine) was kindly supplied by the Lederle Labora- 


tories, Pearl River, N. Y. Alpha-peltatin was supplied by Dr. Joseph Leiter, Chemotherapy Section, National 
Cancer Institute. 


2,6-diaminopurine lactate was supplied by Dr. Joseph Burchenal, Sloan-Kettering Institute, New York. 
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8-Azaguanine was dissolved in 0.01 N NaOH and injected subcuta- 
neously daily beginning at 48 hours following inoculation of leukemic 
cells. A 0.133-percent fresh solution was used for injections and 0.05 ce. 
was injected per gram of body weight. Alpha-peltatin was dissolved in 
1 N NaOH and diluted with Locke’s solution to a volume permitting in- 
jection of 0.01 cc. per gram of body weight. Injections were done sub- 
cutaneously on the left sides on the 3d, 5th, and 7th days following in- 
oculation of leukemic cells. 2,6-Diaminopurine in the form of the lactate 
containing 44 mg. per cc. of solution was used at various dosage levels: 
74, 83, 88, 92, and 110 mg. per kilogram of body weight and injected 
either subcutaneously or intraperitoneally every other day for a total of 
4 injections. Dilutions in Locke’s solution were adjusted so that 0.005 
cc. per gram of body weight was injected at each dosage level. Cortisone 
acetate (Compound E) in aqueous suspension was injected intraperitone- 
ally at a dosage level of 50 mg. per kilogram of body weight. Injections 
were commenced 48 hours postinoculation, and continued for 7 successive 
days. Dilutions were adjusted to allow for the injection of 0.005 cc. per 
gram of body weight. The folic acid antagonists dissolved in distilled 
H,O were injected intraperitoneally beginning at 48 hours after inocula- 
tion of leukemic cells. Dilutions were made so that 0.01 cc. was injected 
per gram of body weight. 

Transfer generations 77 through 87 of the AM-resistant sublines were 
used to test the effect of these antileukemic agents and corresponding 
transfer generations of the susceptible L1210 subline were used as control 
material. 

Cortisone and 2,6-diaminopurine did not produce a significant inhi- 
bition of the growth of leukemic cells either in the control, susceptible 
subline, or in the AM-resistant subline at the dosage levels used, and are 
not included in the tabular material. It can be seen by reference to 
table 2 that 8-Azaguanine strikingly inhibited the growth of lymphoma- 
tous cells in both the susceptible subline and in the subline resistant to 
amethopterin. The inhibition index, that is, the ratio of the mean 
weight of lymphomatous tissue in the treated group to the mean weight 
of lymphomatous tissue in the control group, is practically identical in 
the two groups. Similarly, the degree of inhibition of growth of lympho- 
matous cells by alpha-peltatin in the susceptible and AM-resistant 
sublines is identical. In contrast to the observed effects of unrelated 
antileukemic agents on the growth of susceptible and resistant leukemic 
cells, an unequivocal, cross-resistance was obtained when AM-resistant 
leukemic cells were grown in mice receiving two closely related antifolic 
compounds, adenopterin and aninopterin. Nearly complete inhibition 
of growth at 9 days was observed in the susceptible subline, and optimal 
growth was obtained in the AM-resistant subline. This characteristic 
cross-resistance was also observed in another resistant subline, AD- 
resistant. These resistant leukemic cells showed cross-resistance to 4- 
amino-pteroylglutamic acid (aminopterin) and 4-amino-pteroylaspartic 
acid (amino-an-fol) as well as to the two antifolic compounds reported here. 
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No discernible effect of the parent compound, pteroylglutamic (folic) 
acid, was observed in either the resistant or susceptible subline (table 2). 
THE BeEHaAvior OF REsIsTANT LEUKEMIC CELLS CARRIED IN SERIAL TRANSFER 

WitnHovut Fouric Acip ANTAGONIST 

The resistant subline of leukemic cells, AD-resistant, has now been 
carried through 23 successive transfers, except as noted below, in host 
animals that were not given the specific folic acid antagonist, adenopterin, 
which was used in developing the resistance. At the 88th transfer, 15 
transfer generations following establishment of this subline in antagonist- 
free animals, a diminished growth rate of leukemic cells was evident. 
These animals were then given 2 injections of adenopterin at a dosage 
level of 3 milligrams per kilogram of body weight, at 8 and 10 days 
postinoculation of leukemic cells. There resulted a profuse growth of cells 
that were transferred again into antagonist-free animals at 13 days. 
In all other transfer generations the resistant leukemic cells were 
inoculated routinely at 9 days postinoculation. No change has been 
observed in the susceptibility of these cells to adenopterin during 
this period of transfer through antagonist-free hosts. Resistance to 
this specific folic acid antagonist may, therefore, be considered a stable 
and irreversible heritable change. Table 3 presents data on the emergence 
of resistance in this subline and sample results at various transfer periods. 


TABLE 3.—Data showing origin of resistance, stability of the resistant variant and partial 
dependency upon adenopterin in the AD-resistant subline 



































. Dosage (mg./k) |Lymphoma) ) d- 
Transfer generation — oote ency Remarks 
Daily | Total 9 days ratio 
eee 25 3 |20—-24 (eee 
_ =e 7 3 12 104. 9 __._.| Emergence of resistance 
a 50 3 12 || & 1 See 
10 |- o >) =e 
oe 5 3 12 334. 2 
75. --- “2 { 5 | | 148.9 } 2.3 
oo a 5 542. 9 
81____. { 5 3 12 |1, 271.0 \ 4.2 
84 ; ¥ a 0 Serial transfer without 
—— 5. 0 dé : 
z 3 12 116.0 adenopterin. 
88... 5 i} 3.2 
{ 5 “e oe 7 
‘ 5 3 12 13. 0 | 
96...-...-- i 5 |. 264. 3 } 2.8 
5 3 12 732. 3 
96.-.-------- i 3 ee weed 160. 9 \ 4.5 











It is to be noted, 1) that resistance to adenopterin, at a dosage level of 
3 mg. per kilogram of body weight given every other day for 4 days, has 
persisted through 23 transfer generations in antagonist-free hosts, and 
2) that specific enhancement of growth results in animals receiving the 
antagonist. This indicates a partial dependency of the resistant leukemic 
cells of this subline upon the antagonist for growth. 
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It is to be noted also that considerable variation in the mean weights 
of the subcutaneous lymphomatous tissue was found among the different 
transfer generations grown in mice not given the antagonist. In contrast, 
relatively little variation in mean weights of the subcutaneous lympho- 
matous tissue was found in the AM-resistant subline carried in serial 
transfer in hosts receiving a standard dose of antagonist (table 4). 


TABLE 4.—Dependence of resistant leukemic cells (AM-resistant subline) on amethopterin 
for optimal growth 

















Transfer | ' Dosage mg./k . : es | De- 
Sepetnent Me | genera- {Number |__| Mean lymphoma weight in | pend- 
—_ | | Daily | Total | ratio 
| 12; 3] 12 | 750.2 (322.0-981.0) | 
1....- 7 { 13| None 336.5 (228.1-508.2) \ 2.2 
; 7 3| 12 | 365.7 (211.1-453.3) : 
2.---- 77 79 { 6 None | 146.5 (75.7 —254.9) } 2.5 
| 5 3| 12 | 454.8 (246.8-818.0) 
3.---- ----| 8 i 5| None | 172'8 (135.6-211.0) } 27 
, os i 5| 3] 12 | 312.1 (213.5-365.0) i in 
~---- --| 5 None | 274.2 (140.1-297.7) |f | 
: | colf 58] 31] 12 | 392.5 (176.8-680.0) | 
b----- 82 { 5 | None | 116.3 ( 88.5-160.0) } vali 
iy 7! 38 12] 413.1 (240.2-700.0) |) . 
6.---- 83 i 6| None 145.3 ( 46.0-277.3) \ 2.9 
5| 3]. 12| 579.5 (410.8-690.0) |) . 
7.---- 84 { 5 None 151.7 ( 95.0-240.0) |j 29 
5 3| 12 457.3 (259.8-550.0) 
8.---- 85 { 5 None 198.4 (165.9-235.7) I 2.3 
a 5 3| 12 | 432.9 (280.6-552.6) | 
9.---- - 86 } 5 None 235.6 ( 88.0-501.4) } 1. 8 
mS 3| 12| 343.6 (255.3-429.7) ; 
10.--- 87 i 5| None 50.1 ( 36.2- 60.5) \ 6.8 
', 61 3/ 12 | 480.7 + 26.5 
Total... - -- i 60 None | 202.1417.9 \ 2.4 
| 
Difference of means=278.6+31.9 mg; P<0.001 








DEPENDENCE OF ReEsisTANT LEUKEMIC CELLS ON Fouic AciID ANTAGONIST FOR 
OptimaL GrRowTH 

We have presented previously (6) preliminary information indicating a 
partial dependence of resistant leukemic cells on folic acid antagonists for 
optimal growth. A more extensive analysis of the dependency character- 
istic of one of the resistant variants, AM-resistant, is given in tables 4 and 
5. In a sample of 10 transfers, selected between the 77th and 87th 
transfer generations of the AM-resistant subline, it can be seen that 
striking increases in mean lymphomatous tumor weights were obtained 
when the host animals were supplied with amethopterin in contrast to the 
growth of these leukemic cells in mice deprived of the antagonist. On the 
other band, the concentration of antagonist used, 3 mg. per kilogram of 
body weight given for 4 days beginning 24 hours postinoculation of 
leukemic cells, apparently interferes with an essential metabolic process in 
the susceptible control leukemic cells, resulting in nearly complete inhibi- 
tion of growth. 
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TaBLE 5.—Comparative sensitivity of resistant (AM-resistant subline) and susceptible 
(Control subline) leukemic cells to amethopterin 


| Dosage (mg./k) 























Leukemic cls =. Pee ty me 

| Daily Total 
1. Resistant (AM-resistant sub- \77-87 { 61 3 | 12 480.7 + 26.5 
line). 1. 60 | None 202.14 17.9 
|( 65-69 | 25 | 3 | 12 No growth 
2. Susceptible (control subline). ma | 43 hin 12 on 
| 73-85 | 47 | None 732.24+41.4 

| | 


1 Only 9 growths appeared in this series ranging from 10.7 to 28.6 milligrams, mean weights of experimental 
groups. 





It has been observed that the antagonist-resistant sublines of leukemia, 
when grown in mice supplied with the respective folic acid antagonists, 
resemble in biologic behavior the susceptible control subline. In addition 
to a profuse localized growth of the lymphomatous cells, there occurs an 
extensive infiltration of cells into the lymph nodes, spleen, and liver, 
greatly enlarging these organs and obscuring the architecture. Figures 1 
and 2 show characteristic localized growth of the resistant leukemic cells. 
Escape of leukemic cells into the peripheral blood and a leukocytosis 
closely resembling the blood picture of mice bearing transplants of the 
control subline are obtained. A distinct leukemic blood picture is found 
in mice bearing resistant cells even though the dosage of antagonist is 
increased to a level of 5 mg. per kilogram of body weight. Table 6 gives 
a general comparison of the peripheral blood picture and of organ in- 
filtrations in the 101st transfer generation of the AM-resistant subline and 
the corresponding transfer generation of the susceptible, control subline. 
The mean survival time of strain dba mice bearing subcutaneous trans- 
plants of resistant leukemic cells, and given the antagonist parenterally, 
is strikingly similar to the mean survival time of dba mice bearing trans- 
plants of the susceptible subline. For example, the mean survival time 
of a sample of 15 dba mice bearing AM-resistant cells and given 3 mg. of 
amethopterin per kilogram of body weight every other day for 4 days was 
12.4 + 0.33 days, and the mean survival time of 15 dba mice bearing a 
corresponding transfer of the susceptible, control leukemic cells was 12.7 
+ 0.15 days. 

The growth rates of the AM-resistant variant cells and of the control 
susceptible leukemic cells following transplantation of the 102d transfer 
generation of each subline are compared in text-figure 2. The growth 
rates of susceptible leukemic cells grown in untreated dba mice (Curve I) 
and AM-resistant cells grown in mice given the maximum tolerated dose of 
amethopterin (Curve III) are similar. On the other hand, the mean 
tumor volume attained at 10 days of AM-resistant leukemic cells grown in 
antagonist-free mice was only 0.84 cc. (Curve II) compared with a mean 
tumor volume of 4.26 cc. when grown in mice given amethopterin. Com- 
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TUMOR VOLUME-CUBIC CENTIMETERS 





° 1 2 3 6 5 6 7 8 i) 10 " 


TIME IN DAYS 


Text-Ficure 2.—Tumor volume measurements of amethopterin-resistant leukemic 
cells of the 102d transfer grown in strain dba mice receiving amethopterin (Curve 
IIT) and in antagonist-free mice (Curve II). Tumor volume measurements of the 
102d transfer of susceptible leukemic cells are shown in Curve IV, grown in mice 
treated with amethopterin at a dosage level of 3 milligrams per kilogram for 4 days 
and in Curve I grown in untreated mice. Each point on curves represents the 
mean measurement of 7 mice. 


plete inhibition of the growth of leukemic cells of the susceptible subline 
grown in mice receiving the maximum tolerated dose of amethopterin 
was observed in this transfer (Curve IV). 

No changes in morphology, antigenicity, or transplantability have 
been observed between the susceptible and resistant cells of this leukemia. 
Leukemic cells of the susceptible or resistant sublines as observed in 
localized growth or in infiltrations into spleen, liver, and lymph nodes 
are morphologically indistinguishable. Attempts to detect antigenic 
differences by complement-fixation tests have been unsuccessful. Leu- 
kemic cells of the susceptible, control subline grow progressively, causing 
death of the host only in strain dba, subline 212, mice and in F; hybrids 
using strain dba as one of the parents. No changes in the transplanta- 
bility of cells of the resistant sublines have been observed. These cells 
have failed to grow in mice of the C57 black, C58, B alb C, RIL, and 
C3H strains. 

DISCUSSION 


Evidence has been presented that shows the development of resistance 
in leukemic cells of the mouse, lymphoid in type, to each of 3 folic acid 
antagonists. In 2 of the transplant sublines developed, the AM-resistant 


* These tests were done by Dr. Richard Malmgren of this Institute. 








860 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


and AD-resistant sublines, it is apparent that the resistant leukemic cells 
are dependent on the presence of the antagonist for optimal growth. A 
relatively restricted growth of resistant cells is obtained in mice de- 
prived of antagonist so that this must be considered as a partial de- 
pendency. The dose of antagonist that interferes with growth of the 
control-susceptible cells appears to be essential for optimal growth of 
resistant cells. The third subline of resistant cells developed, AN- 
resistant, continues to be resistant through serial transplantation in 
hosts given the folic acid antagonist, aninopterin, at the maximum tol- 
erated dosage level, but it has not been tested adequately for dependency. 

The transformation that has occurred in these leukemic cells appears 
to be a stable and irreversible heritable change as determined by growing 
one of the resistant sublines, AD-resistant, in serial transfer in hosts not 
given the folic acid antagonist. During this period the variant cells have 
remained resistant to and partially dependent on the specific folic acid 
antagonist used in developing resistance. 

These transformations appear to be similar to the changes occurring 
in bacteria that are grown in the presence of antibiotics. Numerous in- 
vestizators, using the method devised by Luria and Delbriick (1), for 
determining the manner of origin of resistant bacteria, have concluded 
that resistance originates through genetic changes, and that the agent 
used acts only in a selective manner, eliminating susceptible bacteria and 
allowing the majority of resistant forms that are always present in a large 
population of bacteria to reproduce. 

Experiments now in progress indicate that the changes that occur in 
this particular leukemia under investigation are discrete, step-wise, 
changes. When leukemic cells, for example, are transplanted serially to 
groups of mice given different concentrations of amethopterin, from 0.5 
to 4.0 mg. per kilogram of body weight, the data indicate increases in 
resistance at different magnitudes occurring in a random manner and 
separated during several transfers by definite plateaus. Thus, it would 
appear that the pattern of resistance obtained here, to folic acid anta- 
gonists, is similar to the pattern of resistance of several types of bacteria 
to penicillin (3, 5). The method used in this study to obtain the original 
resistant variants precluded an exact determination of the pattern of 
resistance. 

Data on the crucial test to determine the manner of origin of resistant 
leukemic cells are not yet available. This consists of comparing the 
variation in response to an antileukemic agent in a series of independent 
transfers of leukemic cells with variation of response in a series derived 
from a single transfer. By this method it should be possible to determine 
the manner of origin of the variants under consideration, that is whether 
they are induced by the compound in use or whether the compound acts in 
selecting spontaneously occurring mutations. 

It is indicated that there is a difference in the mechanism of effect of 
8-Azaguanine and alpha-peltatin from the folic acid antagonists since 
cross-resistance was not demonstrated with these compounds. Since 
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all of the folic acid antagonists used in this study showed characteristic 
cross-resistance, it appears that they inhibit leukemic-cell growth in an 
identical or similar manner. 

If mutation and selection prove to be the mechanism involved in the 
origin of resistance to various antileukemic agents, the situation as to the 
use of various agents in the treatment of leukemia would be well defined. 
It would consist of the earliest possible treatment at maximum tolerated 
dosages continued as long as possible employing proved antileukemic 
agents that are known to be independent of each other in their actions. 
The test of independence, as shown above, is that leukemic cells that 
have developed a resistance to one antileukemic agent are still susceptible 
to other agents. Only leukemic cells that are resistant to the mixture of 
antileukemic agents should develop as resistant forms. Theoretically, 
however, these resistant variants should be relatively rare. Since highly 
resistant variants have been found even when using the most effective 
antileukemic agents, the folic acid antagonists, it is to be expected that 
all of the leukemic cells will not be eliminated. In the case of bacteria, 
by use of high concentrations of antibacterial agents, it is possible to 
reduce the number of susceptible bacteria to a level with which the organ- 
ism is capable of dealing, resulting eventually in elimination of bacteria. 
In the case of leukemic cells, however, this situation probably may never 
be attained, since it has been shown by Furth and Kahn (15) that even 
a single leukemic cell introduced into a host animal will develop into a 
generalized leukemia within a relatively short period of time. 

Combination therapy studies now in progress, using amethopterin, 
8-Azaguanine and alpha-peltatin at dosage levels that do not appreciably 
influence the general health of the animal, indicate a striking effect in 
inhibition of leukemic-cell growth and survival time on the acute lymphoid 
leukemia, L1210, used in this study. These results will be published later. 


SUMMARY 


A transplantable acute lymphoid leukemia has given rise to 3 variants 
when grown in serial transfer in mice receiving the maximum tolerated 
dose of 3 different folic acid antagonists: amethopterin, adenopterin 
and aninopterin. 

In the case of one of these, the adenopterin-resistant variant, which 
was tested, susceptibility to the specific antagonist has remained un- 
changed following 23 consecutive serial transfers in mice free of the 
antagonist. This is evidence of a stable and irreversible heritable change. 

Concentrations of folic acid antagonists that nearly completely inhibit 
growth of lymphomatous tissue of the susceptible subline appear to be 
essential for optimal growth of 2 of the variants, the sublines resistant to 
amethopterin and adenopterin, respectively. The 3d variant described 
in this study has not been tested adequately relative to dependence. 

The amethopterin-resistant variant has been shown to be cross-resistant 
to all other folic acid antagonists tested but sensitive to two other anti- 
leukemic agents, 8-Azaguanine and alpha-peltatin. Cortisone and 2, 
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6-diaminopurine failed to inhibit growth of leukemic cells of either the 
susceptible or resistant sublines. 

The biologic behavior of resistant leukemic cells, grown in mice supplied 
with folic acid antagonist, appears to be identical to the behavior of 
susceptible cells grown in untreated mice. 

There have been observed no changes in morphology, antigenicity or 
transplantability in the transformed leukemic cells. 

Considerations of the manner of origin of these changes and the signifi- 
cance of these findings to the chemotherapy of leukemia are presented. 
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PLaTEe 90 


Fictres 1 and 2.—Subcutaneous implant of lymphomatous tissue of AM-resistant 
subline grown in a strain dba mouse receiving 3 milligrams per kilogram of body 
weight of the folie acid antagonist, amethopterin. This was the 94th transfer 
generation. Magnification for figure 1, < 112; for figure 2, * 415. 
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